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(54) NINETY-DEGREE PHASE SHIFTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a 90° phase shifter 
which has a uniform input load and prevents phase 
offsetting. 

SOLUTION: Transistors(TR) MP1 and MP2 supply currents 
10 to nodes K and L respectively, and TRs MN10 and MN1 1 
draw mutually equal currents out of the nodes K and L 
respectively. A parallel connection of series-connection 
body N1 and N2 draws a current 11 out of the node K, only 
when exclusive OR of clocks S1 and S2 is 'H'. A parallel 
connection of series-connection bodies N3 and N3, 
meanwhile draws a current 11 out of the node L, only when 
the exclusive OR of the clocks S1 and S2 is 'L'. Once the 
current 11 is drawn out of the node K, a current 11 flows out 
of the node L and when the current 11 is drawn out of the 
node L, a current 11 flows in the node L. The series- 
connection bodies N1 to N3 receive the clocks S1 and S2 
and their inverted signals S1B and S2B at one of the gates 
of the TRs MN1 to MN8, so that the input loads become 
uniform. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim l]The 1st current control circuit that has a current mirror circuit characterized by 
comprising the following, The 1st portion that draws out the 2nd current from said 1st node only 
when exclusive OR of the 1st and 2nd signals takes the 1st logic, The 2nd current control circuit 
that has the 2nd portion that draws out said 2nd current from said 2nd node only when exclusive 
OR of said 1st and 2nd signals takes said 1st logic and the 2nd different logic, It is a phase shifter 
about 90 degrees provided with the 1st low pass filter connected to said 2nd node, and a delay 
part which delays said 1st signal by a delaying amount controlled by output potential of said 1st 
low pass filter, and outputs said 2nd signal. 
The 1st and 2nd nodes. 

The 1st current source that supplies the 1st current to said 1st node. 

The 2nd current source that supplies said 1st current to said 2nd node. 

The 1st course that draws out current from said 1st node, and the 2nd course that draws out 

current from said 2nd node. 

[Claim 2]It is a phase shifter the about 90 degrees according to claim 1 which has the 1st 

capacitor and the 1st end connected to said 2nd end of said resistance characterized by 

comprising the following, and the 2nd end connected to said 2nd end of said 1st capacitor, and is 

provided with the 2nd capacitor with larger capacity value than said 1st capacitor. 

The 1st end by which said 1st low pass filter was connected to said 2nd node. 

Resistance which has the 2nd end from which said output potential of said 1st low pass filter is 

obtained. 

The 1st end connected to said 1st end of said resistance. 
The 2nd end. 

[Claim 3]Said 1st low pass filter is a phase shifter the about 90 degrees according to claim 2 
further provided with a current supply source mechanism which makes an initial state of said 2nd 
capacitor a charging state. 

[Claim 4]It is a phase shifter the about 90 degrees according to claim 1 further provided with an 
offset cancel circuit characterized by comprising the following. 

A plus input end which makes an input signal said output potential of said 1st low pass filter. 
A negative input terminal. 

A differential amplifier containing an outgoing end which outputs a control signal which controls 
said delaying amount with said output potential of said 1st low pass filter. 
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A dummy part which makes connection equivalent to said 1st course of said 1st current source 
and said current mirror circuit, is connected to said negative input terminal of said differential 
amplifier, and contains a dummy node corresponding to said 1st node. 

[Claim 5]Said offset cancel circuit is a phase shifter the about 90 degrees according to claim 4 
which is inserted between said 1st low pass filter and said plus input end of said differential 
amplifier, and has further the 2nd low pass filter with a bigger damping time constant than said 
1st low pass filter. 

[Claim 6]Have the 2nd transistor characterized by comprising the following, and said 2nd current 
source A drain, The 1st transistor that has sauce and a backgate which were connected common 
to said 2nd node, and a gate where said 1st bias is impressed, It is a phase shifter the about 90 
degrees according to claim 1 provided with the 2nd transistor that has said sauce of said 2nd 
transistor of said 1st current source, connected sauce, a drain connected to said drain of said 1st 
transistor of said 2nd current source, and a gate where said 2nd bias is impressed. 
Said 1st current source is a drain. 

Sauce connected common to said 1st node, and a backgate. 
The 1st transistor that has a gate where the 1st bias is impressed. 

Sauce, a drain connected to said drain of said 1st transistor, and a gate where the 2nd bias is 
impressed. 

[Claim 7]It is a phase shifter the about 90 degrees according to claim 6 further provided with the 
3rd transistor characterized by comprising the following. 

A drain with which said 1st current source was connected to said drain of said 1st transistor of 
said 1st current source. 

Sauce connected in common with said drain of said 2nd transistor of said 1st current source, and 
a backgate. 

A drain which was further provided with the 3rd transistor that has a gate where the 3rd bias is 
impressed and with which said 2nd current source was connected to said drain of said 1st 
transistor of said 2nd current source. 

Sauce and a backgate which were connected in common with said drain of said 2nd transistor of 
said 2nd current source, and a gate where said 3rd bias is impressed. 

[Claim 8]It has the 1st and 2nd series connection bodies characterized by comprising the 
following that are a phase shifter and were mutually connected in parallel between said 1st 
current source and said output node about 90 degrees as for said 1st switch, Have said 2nd switch 
and the 1 st and 2nd series connection bodies mutually connected in parallel between said 2nd 
current source and said output node said 1st series connection body of said 1st switch, The 1st 
transistor that flows when said 1st signal takes said 1st logic, Comprise a series connection with 
the 2nd transistor that flows when said 2nd signal takes said 2nd logic, and said 2nd series 
connection body of said 1st switch, The 1st transistor that flows when said 1st signal takes said 
2nd logic, Comprise a series connection with the 2nd transistor that flows when said 2nd signal 
takes said 1st logic, and said 1st series connection body of said 2nd switch, The 1st transistor that 
flows when said 1st signal takes said 1st logic, The 1st transistor that comprises a series 
connection with the 2nd transistor that flows when said 2nd signal takes said 1st logic, and flows 
through said 2nd series connection body of said 2nd switch when said 1st signal takes said 2nd 
logic, It is a phase shifter about 90 degrees which comprises a series connection with the 2nd 
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transistor that flows when said 2nd signal takes said 2nd logic. 
The 1st current source. 
The 2nd current source. 
An output node. 

The 1st switch that flows only when it is provided between said 1st current source and said 
output node and exclusive OR of the 1st and 2nd signals takes the 1st logic, The 2nd switch that 
flows only when it is provided between said 2nd current source and said output node and 
exclusive OR of said 1st and 2nd signals takes said 1st logic and the 2nd different logic, A delay 
part which delays said 1st signal by low pass filter connected to said output node, and a delaying 
amount controlled by output potential of said low pass filter, and outputs said 2nd signal. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This inventions are insides, such as a digital disposal circuit, for example, 
the receiving circuit of a radio signal, and a processing circuit of a computer, and relate to the 
delay circuit (in this application, this is called a phase shifter about 90 degrees) outputted so that 
the inputted signal may be made into 1/4 of the cycle, and a phase and it may become 90-degree 
delay. 
[0002] 

[Description of the Prior Art] Drawing 14 is a timing chart which shows a relation with the clock 
SI which changes to the same timing as the cycle of transition of the data S6, and transition of 
the data S6, and a phase. In the digital disposal circuit which receives such the data S6 and the 
clock SI, The way things stand, when the clock SI changes, the data S6 has changed, and the 
data S6 cannot be latched appropriately to latch the data S6 using the standup of the clock SI, or 
transition of falling. Then, it will be necessary to shift the phase of the clock SI to the data S6. 
[0003] Drawing 15 is the timing chart which made the phase timing to which the clock SI 
changes to the timing to which the data S6 changes, and was able to shift it 90 degrees. By doing 
in this way, the standup of the clock SI or the timing of falling serves as a center (center of the 
timing of transition that the data S6 adjoins) of the eye pattern of the data S6, and the latch of the 
data S6 using transition of the clock SI becomes the most certain. 

[0004] Drawing 16 is a circuit diagram showing the outline of the input interface of the chip 91 
which inputs the data S6 and the clock SI. Respectively the data S6 and the clock SI spread the 
transmission lines 1 10a and 1 10b of the chip 91 exterior, result in the pad electrodes 111a and 
1 1 lb of chip 91 inside, and are buffered by the buffers 1 12a and 1 12b, respectively. The 90- 
degree phase shift of about 90 degrees of the clocks SI is carried out by the phase shifter 200 
after that, and the clock S2 is generated. 

[0005]The data S6 buffered by any data-input-terminals D of the latch circuitry 1 13a and 1 13b is 
given, and the clock S2 is given to which clocked into end T. However, the latch circuitry 1 13a 
latches the data S6 at the time of the standup of the clock S2, and the latch circuitry 1 13b latches 
the data S6 at the time of falling of the clock S2. 

[0006] Drawing 17 is a circuit diagram which illustrates about 90 degrees of composition of the 
phase shifter 200. The phase shifter 200 is provided with about 90 degrees of the PLL (Phase- 
LockedLoop) circuits 120 and the delay stages 5. PLL circuit 120 is provided with VCO circuit 
122, the phase comparator 121, and the low pass filter 2. Signal S9 by which the reference signal 
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S7 and the phase were locked is generated by this PLL circuit 120. In this case, delay control 
signal S4 obtained from the low pass filter 2 is adopted as the delay control of the delay stage 5, 
and the clock SI buffered by the buffer 1 12b is in 90 degrees in the delay stage 5, and turns into 
the output clock S2. 

[0007]the time of PLL circuit 120 locking about 90 degrees by the phase shifter 200 — delay in 
VCO circuit 122 ~ the cycle of the reference signal S7 ~ so that it may become half (a phase is 
used and it is 180 degrees) exactly, Delay control signal S4 from the number and the low pass 
filter 2 of the buffer 4 of VCO circuit 122 inside is set up. And the output of the couple from the 
buffer 4 of a final stage carries out a positive/negative inversion, and is connected to the input of 
the couple of the buffer 4 of the stage at first. By this, when the reference signal S7 is given, 
VCO circuit 122 will be stabilized and will be oscillated, and signal S9 locked with the same 
cycle as the reference signal S7 and the phase will be obtained. 

[0008]Then, the signal shifted only one fourth of cycles to the clock SI is generable as the clock 
S2 by adopting the clock SI as the reference signal S7, and having the buffer 4 of the half of the 
number of the internal buffers 4 with which the delay stage 5 constitutes VCO circuit 122. That 
is, as long as PLL circuit 120 locks, the delay produced in the delay stage 5 is not dependent on a 
process or other conditions, is made into a phase, and is held at 90 degrees. 
[0009] 

[Problem(s) to be Solved by the Invention] However, generally there was a problem of the 
increase of hard quantity and the increase of power consumption which are produced from being 
a problem of destabilization and VCO being required in a PLL circuit. 

[0010]It is going to solve this problem and the art of performing a 90-degree phase shift without 
using PLL circuit 120 is also proposed. Drawing 1 8 is a circuit diagram which illustrates about 
90 degrees used about 90 degrees in drawing 16 replacing by the phase shifter 200 of 
composition of the phase shifter 201. The composition of the phase shifter 201 removes about 90 
degrees of VCO circuits 122 under composition of the phase shifter 200, and has about 90 
degrees of composition which transposed about 90 degrees of phase comparators 121 to the 
phase detector circuit 100. That is, the phase shifter 201 constitutes about 90 degrees of DLL 
(Delay-Locked Loop) circuits. 

rOOHI Drawmg 19 is a circuit diagram which illustrates about 90 degrees of composition of the 
phase detector circuit 100. The phase detector circuit 100 is provided with about 90 degrees of 
EXOR circuits 10a and the charge pump circuits 1 1 .The clock SI and the exclusive OR of S2 
which were acquired by EXOR circuit 10a are changed into UP / DOWN signal S3 which takes 
the mode of current in the charge pump circuit 1 1 . In order to supply UP / DOWN signal S3, the 
current source as which a current amount is determined by a bias signal, respectively is provided 
in the charge pump circuit 1 1 . 

[0012]UP / DOWN signal S3 is given to the low pass filter 2, the current amount integrates with 
it, it is changed into a direct-current voltage signal, and delay control signal S4 to the delay stage 
5 is obtained. Feedback is hung by this delay control signal S4 to the delay for obtaining the 
clock S2 from the clock S 1 . 

[0013]However, it receives that the clock SI passes a transfer gate or a NOT circuit, and reaches 
the charge pump circuit 1 1 in EXOR circuit 10a, Since the clock S2 is only applied to the gate 
which manages ON/OFF of a transfer gate, the clock SI and S2 will receive different input load 
in EXOR circuit 10a. For this reason, there was a problem that the clock S2 will balance with the 
phase [ degrees / 90 ] shifted to the clock SI (below, this gap is called phase offset). 
[0014]In order to solve this, adopting EXOR circuit 10b constituted like drawing 20 instead of 
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EXOR circuit 10a is also considered. Although the clock SI and the input load to S2 become 
equal with this composition, since the compound gate is used, many transistor counts will be 
needed, and the problem that circuit structure becomes large will arise. 

[0015]It was made in order that this invention might solve the above-mentioned problem, and it 
aims at obtaining about 90 degrees with easy circuitry of phase shifters. It aims also at obtaining 
the phase shifter which equalized load about the signal which is two by which a phase should be 
locked. It aims also at the improvement of phase offset. 
[0016] 

[Means for Solving the Problem] What starts claim 1 among this invention The 1st and 2nd 
nodes, The 1st current source that supplies the 1st current to said 1st node, and the 2nd current 
source that supplies said 1st current to said 2nd node, The 1st current control circuit that has a 
current mirror circuit including the 1st course that draws out current from said 1st node, and the 
2nd course that draws out current from said 2nd node, The 1st portion that draws out the 2nd 
current from said 1st node only when exclusive OR of the 1st and 2nd signals takes the 1st logic, 
The 2nd current control circuit that has the 2nd portion that draws out said 2nd current from said 
2nd node only when exclusive OR of said 1st and 2nd signals takes said 1st logic and the 2nd 
different logic, About 90 degrees provided with the 1st low pass filter connected to said 2nd 
node and a delay part which delays said 1st signal by a delaying amount controlled by output 
potential of said 1st low pass filter, and outputs said 2nd signal are a phase shifter. 
[0017]The 1st end according to claim 1 by which about 90 degrees of things which start claim 2 
among this invention are phase shifters, and said 1st low pass filter was connected to said 2nd 
node, Resistance which has the 2nd end from which said output potential of said 1st low pass 
filter is obtained, It has the 1st capacitor that has the 1st end connected to said 1st end of said 
resistance, and the 2nd end, the 1st end connected to said 2nd end of said resistance, and the 2nd 
end connected to said 2nd end of said 1st capacitor, and has the 2nd capacitor with larger 
capacity value than said 1st capacitor. 

[0018]The about 90 degrees according to claim 2 of things which start claim 3 among this 
invention are phase shifters, and said 1st low pass filter is further provided with a current supply 
source mechanism which makes an initial state of said 2nd capacitor a charging state. 
[0019]The plus input end according to claim 1 which about 90 degrees of things which start 
claim 4 among this invention are phase shifters, and makes an input signal said output potential 
of said 1 st low pass filter, A differential amplifier containing a negative input terminal and an 
outgoing end which outputs a control signal which controls said delaying amount with said 
output potential of said 1st low pass filter, Connection equivalent to said 1st course of said 1st 
current source and said current mirror circuit is made, and it is connected to said negative input 
terminal of said differential amplifier, and has further an offset cancel circuit which has a dummy 
part containing a dummy node corresponding to said 1st node. 

[0020]The about 90 degrees according to claim 4, it is a phase shifter which starts claim 5 among 
this invention, and said offset cancel circuit, It is inserted between said 1st low pass filter and 
said plus input end of said differential amplifier, and has further the 2nd low pass filter with a 
bigger damping time constant than said 1st low pass filter. 

[0021]The about 90 degrees according to claim 1 of things which start claim 6 among this 
invention are phase shifters, and said 1st current source A drain, The 1st transistor that has sauce 
and a backgate which were connected common to said 1st node, and a gate where the 1st bias is 
impressed, Sauce and a drain connected to said drain of said 1st transistor, Have the 2nd 
transistor that has a gate where the 2nd bias is impressed, and said 2nd current source A drain, 
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The 1st transistor that has sauce and a backgate which were connected common to said 2nd node, 
and a gate where said 1st bias is impressed, It has the 2nd transistor that has said sauce of said 
2nd transistor of said 1st current source, connected sauce, a drain connected to said drain of said 
1st transistor of said 2nd current source, and a gate where said 2nd bias is impressed. 
[0022]The drain according to claim 6 with which about 90 degrees of things which start claim 7 
among this invention are phase shifters, and said 1st current source was connected to said drain 
of said 1st transistor of said 1st current source, Sauce and a backgate which were connected in 
common with said drain of said 2nd transistor of said 1st current source, A drain which was 
further provided with the 3rd transistor that has a gate where the 3rd bias is impressed and with 
which said 2nd current source was connected to said drain of said 1st transistor of said 2nd 
current source, It has further the 3rd transistor that has sauce and a backgate which were 
connected in common with said drain of said 2nd transistor of said 2nd current source, and a gate 
where said 3rd bias is impressed. 

[0023] What starts claim 8 among this invention The 1st current source and the 2nd current 
source, The 1st switch that flows only when it is provided between an output node, and said 1st 
current source and said output node and exclusive OR of the 1st and 2nd signals takes the 1st 
logic, The 2nd switch that flows only when it is provided between said 2nd current source and 
said output node and exclusive OR of said 1st and 2nd signals takes said 1st logic and the 2nd 
different logic, About 90 degrees provided with a low pass filter connected to said output node 
and a delay part which delays said 1st signal by a delaying amount controlled by output potential 
of said low pass filter, and outputs said 2nd signal are a phase shifter, Said 1st switch has the 1st 
and 2nd series connection bodies mutually connected in parallel between said 1st current source 
and said output node, Have said 2nd switch and the 1st and 2nd series connection bodies 
mutually connected in parallel between said 2nd current source and said output node said 1st 
series connection body of said 1st switch, A series connection of the 1st transistor that flows 
when said 1st signal takes said 1st logic, and the 2nd transistor that flows when said 2nd signal 
takes said 2nd logic is comprised, The 1st transistor through which said 2nd series connection 
body of said 1st switch flows when said 1st signal takes said 2nd logic, Comprise a series 
connection with the 2nd transistor that flows when said 2nd signal takes said 1st logic, and said 
1st series connection body of said 2nd switch, The 1st transistor that flows when said 1st signal 
takes said 1st logic, Comprise a series connection with the 2nd transistor that flows when said 
2nd signal takes said 1st logic, and said 2nd series connection body of said 2nd switch, About 90 
degrees which comprises a series connection of the 1st transistor that flows when said 1st signal 
takes said 2nd logic, and the 2nd transistor that flows when said 2nd signal takes said 2nd logic 
are a phase shifter. 
[0024] 

[Embodiment of the Invention]Embodiment 1. drawing 1 is a circuit diagram showing about 90 
degrees which replaces and is used for the phase detector circuit 100 about 90 degrees shown in 
drawi ng 18 among phase shifters about 90 degrees concerning the embodiment of the invention 1 
of composition of the phase detector circuit 101. 

[0025]The phase detector circuit 101 is provided with about 90 degrees of the EXOR sections 13 
and the current control 14. The EXOR section 13 comprises the Nch transistors MN1-MN8 of 
the characteristic, and Nch transistor MN9 mutually. The current control 14 is mutually 
constituted from the Nch transistors MN10 and MN1 1 of the characteristic by Pch transistorMPl 
of the characteristic, MP2, and each. 

[0026]In the EXOR section 13, the drains of transistor MN5 and MN7 are connected in common 
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for the drains of transistor MN1 and MN3, respectively. The sauce of transistor MN3 and the 
drain of transistor MN4 are connected with the sauce of transistor MN1 for the drain of transistor 
MN2, respectively. The sauce of transistor MN7 and the drain of transistor MN8 are connected 
with the sauce of transistor MN5 for the drain of transistor MN6, respectively. And the sauce of 
transistor MN2, MN4, MN6, and MN8 is connected in common, the clock SI — the gate of 
transistor MN1 and MN5 ~ give the inversion signal SIB to the gate of transistor MN3 and 
MN7, the clock S2 is given to the gate of transistor MN4 and MN6, and the inversion signal S2B 
is given to the gate of transistor MN2 and MN8, respectively. The drain of transistor MN9 is 
connected common to the sauce of transistor MN2, MN4, MN6, and MN8, and the sauce of 
transistor MN9 is grounded. Bias potential Vbn is impressed to the gate of transistor MN9. 
[0027]In the current control 14, bias potential Vbp is given to the sauce of transistor MP1 and 
MP2 for power-supply-potential Vd in common at the gate, respectively. The sauce of transistor 
MN10 and MN1 1 is grounded in common. With the drain and gate of transistor MN10, the drain 
of transistor MP1 is connected to the drain of transistor MN1 and MN3 in common in the node 
K. With the drain of transistor MN1 1, the drain of transistor MP2 is connected to the drain of 
transistor MN5 and MN7 in common in the node L. UP / DOWN signal S3 is acquired by the 
node L as current which flows / flows out. 

[0028]In the EXOR section 13, when the clock SI and S2 take the same logical value, one of 
transistors turns off by the series connection body Nl which transistor MN1 and MN2 constitute. 
One of transistors turns off also by the series connection body N2 which transistor MN3 and 
MN4 constitute similarly. Therefore, the series connection body Nl and N2 turn off the branch 
by which multiple connection was carried out as a whole. On the other hand, in both the series 
connection bodies N3 that transistor MN5 and MN6 constitute, when the clock S 1 and S2 are 
High(s), both transistor MN5 and MN6 turn on. In both the series connection bodies N4 that 
transistor MN7 and MN8 constitute, when the clock SI and S2 are Low(s), both transistor MN5 
and MN6 turn on. Therefore, the series connection body N3 and N4 turn on the branch by which 
multiple connection was carried out as a whole. 

[0029]In taking the clock SI and the logical value from which S2 differs, in the series connection 
body N3 and N4, one of transistors turns off and it turns off the series connection body N3 and 
the branch to which multiple connection of N4 was carried out as a whole. On the other hand, the 
series connection body Nl and either of N2 turn on. 

[0030]As mentioned above, the series connection body Nl and the multiple connection of N2 
flow, only when the clock SI and the exclusive OR of S2 are "H", and the series connection 
body N3 and the multiple connection of N4 flow, only when the clock SI and the exclusive OR 
ofS2are"L." 

|~0031] Drawmg 2 is a circuit diagram showing about 90 degrees in case the clock SI and S2 take 
the same logical value of equivalent circuits of the phase detector circuit 101. In a figure, the 
gate where the upward arrow was added shows that logic"H" is given (also setting on the 
following drawings the same). Bias potential V B p was impressed equally to the gate of transistor 
MP1 and MP2, and since power-supply-potential V D is impressed equally, the drain has required 
the voltage between sauce gates equal also to which transistor MP1 and MP2. both [ for this 
reason, ] transistor MP1 and MP2 — although — current I 0 is passed equally. 
[0032]Transistor MN10 and MN1 1 constitute the current mirror circuit, and since the series 
connection body Nl and the branch to which multiple connection of N2 was carried out are 
moreover turned off as a whole, current equal to current I 0 which transistor MP1 passes flows 
into transistor MN10 and MN1 1 . On the other hand, since transistor MN9 passes current Ii based 
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on bias potential V B n, current Ii is drawn in the current control 14 as UP / DOWN signal S3 from 
the path connected to the low pass filter 2. Hereafter, current Ii calls a down period the period 
drawn in the current control 14 in this way. 

[0033] Drawing 3 is a circuit diagram showing about 90 degrees in the case of taking the clock 
SI and the logical value from which S2 differs of equivalent circuits of the phase detector circuit 
101 . When the path which goes to transistor MN9 has arisen from the drain side of transistor 
MN10, transistor MP1 passes current I 0 and transistor MN9 is passing current Ii, Current (Io-Ii) 
will flow into transistor MN10 and MN1 1 . Since transistor MP2 passes current I 0 , current Ii 
flows out of the current control 14 into the low pass filter 2 as UP / DOWN signal S3. Hereafter, 
current Ii calls a rise period the period which flows into the low pass filter 2 in this way. 
|~0034~| Drawing 4 is the timing chart which also added the clock SI, S2 and contrast attachment, 
and delay control signal S4 for UP / DOWN signal S3 generated as mentioned above. However, 
the direction out of which it thinks on the basis of the current control 14, is considered as UP / 
DOWN signal S3, and current flows into the low pass filter 2 is made positive, and the direction 
which flows from the low pass filter 2 is made negative. About 90 degrees of this embodiment, 
since about 90 degrees shown in drawing 18 of phase detector circuits 101 can be replaced and 
used for the phase detector circuit 100, below, they are explained also with reference to drawing 
18, 

[0035]Considering the case where adjustment of a phase is started from the state where the delay 
value of the delay stage 5 is less than 90 degrees, as for about 90 degrees of UP / DOWN signals 
S3 from the phase detector circuit 101, the direction of a down period becomes longer than a rise 
period. Therefore, delay control signal S4 produced by integrating with UP / DOWN signal S3 in 
the low pass filter 2, and changing into the voltage of a direct current falls on the average, 
although there is some exception in a rise period. Therefore, the delay value of the delay stage 5 
increases, and when it amounts to one fourth of cycles, about 90 degrees of the rise periods and 
down periods of UP / DOWN signal S3 of the phase detector circuit 101 become equal. That is, 
the phase of the clock S2 balances later than it of the clock SI 90 degrees. 
[003 6] When the delay value of the delay stage 5 starts adjustment of a phase from a bigger value 
than 90 degrees, as for UP / DOWN signal S3, the direction of a rise period becomes longer than 
a down period. Therefore, delay control signal S4 goes up on the average, although there is some 
exception in a down period, and a delay value causes the decreasing tendency. And the phase of 
the clock S2 balances later than it of the clock S 1 90 degrees like the case of the point. 
|~0037] Drawing 5 is a circuit diagram which illustrates the composition of the delay stage 5. The 
delay stage 5 is provided with the delay control circuit 50 and the delay buffer part 5 1 . The delay 
control circuit 50 is provided with Nch transistor MN12, MN13, Pch transistorMP7 and MP8, 
and the resistance R3. The sauce of transistor MN12 is grounded via the resistance R3, and the 
drain is connected common to the drain and gate of transistor MP7. Power- supply-potential Vd is 
given to the sauce of transistor MP7 and MP8 in common, and the drain of transistor MP8 is 
connected to the gate and drain of transistor MN13. The sauce of transistor MN13 is grounded. 
[0038]Current is supplied to the potential side with the high delay buffer part 5 1 by the Pch 
transistor, The plurality of the inverter ("delay inverters" is called in this invention) with which 
current is drawn out has the composition connected in series with the Nch transistor from the low 
potential side, and the clock SI which is the target of delay is given to the delay inverters of the 
stage at first. Since the transistor which specifies the current supplied to delay inverters 
constitutes the current mirror circuit with transistor MP 8 or MN13, the delaying amount in each 
delay inverters is determined by the current which flows into transistor MN12. Since delay 
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control signal S4 is given to the gate of transistor MN12, as the delay stage 5 whole, the delaying 
amount of the delay stage 5 will be controlled by delay control signal S4. Of course, the current 
which flows into transistor MN12 can change the resistance of the resistance R3, and can also be 
adjusted. 

[0039] Drawing 6 i s a circuit diagram which illustrates the composition of the low pass filter 2. 
One end of capacitor CPO is connected to the 1st end (end by the side of the left in the figure) of 
the resistance Rl, one end of capacitor CP1 is connected to the 2nd end (end by the side of figure 
Nakamigi), respectively, and the other end of capacitor CPO and CP1 is grounded in common. 
UP / DOWN signal S3 is given to the 1st end of the resistance Rl . The capacity value of 
capacitor CPO is set up very small as compared with the capacity value of capacitor CP1 . 
[0040] Since it is easy, if capacitor CPO is disregarded and considered, the resistance Rl and 
capacitor CP1 will mainly be integrated with an inflow/outflow of current Ii to the low pass filter 
2 by UP / DOWN signal S3, it will be mostly changed into the voltage of a direct current, and 
will obtain delay control signal S4. 

[0041]The function of capacitor CPO makes small change of delay control signal S4 always 
according [ current Ii ] to the inflow/flowing out to the low pass filter 2. Speaking qualitatively, 
controlling the high frequency component (jitter) of current Ii with the damping time constant 
determined by capacitor CPO and the resistance Rl, and controlling change of the voltage given 
to the gate of transistor MN12 of the delay control circuit 50. Since the capacity value of 
capacitor CPO is dramatically small as compared with the capacity value of capacitor CP1, it 
hardly depends for the damping time constant in this case on the value of capacitor CP1 . 
However, it is clear to operation of this embodiment that existence of capacitor CPO is not 
indispensable. 

[0042]The function to set the potential of capacitor CP1 as power-supply-potential Vd based on 
the reset signal S8 may be applied to the 2nd end of the resistance Rl . If the protective diode Dl 
in preparation for the case where capacitor CP1 is specifically charged more than power-supply- 
potential Vd, and the switch SW switch on based on the reset signal S8 are formed in series 
between the potential point which gives power-supply-potential V D , and the 2nd end of the 
resistance Rl, the above-mentioned function is realizable. By adding this function, the reset 
signal S8 can be inputted by an initial state, capacitor CP1 can be charged, and current can be 
started to transistor MN12 from the maximum and the state where made it pass and the delay 
value of the delay stage 5 was always made into the minimum. 

[0043]As mentioned above, in a phase shifter, since not PLL circuit 120 but DLL circuit 201 was 
adopted, when the frequency of the oscillating frequency of VCO circuit 122 and the clock SI 
has a difference, about 90 degrees realized by this embodiment of things for which an error will 
be integrated are avoided. Since the clock SI is only compared with the clock S2 produced by 
delaying this in DLL circuit 201, the addition of the above errors is not produced but there is an 
advantage of excelling in stability. 

[0044]Control of the phase offset by the difference of input load which had been produced when 
EXOR circuit 10a of the former [ about 90 degrees / section / 13 / of the phase detector circuit 
101 / EXOR ] adopted as a phase shifter was used about 90 more degrees, Being able to realize 
by a small transistor count as compared with EXOR circuit 10b by a compound gate, circuit 
structure does not increase. As compared with the charge pump circuit 1 1 which about 90 
degrees of phase detector circuits 100 need, the circuit structure of the current control is small, or 
even if the current control 14 of the phase detector circuit 101 is large, there are few about 90 
degrees of the differences. Phase offset can be controlled by composition produced by replacing 
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about 90 degrees which constitutes after all about 90 degrees which is a DLL circuit of phase 
shifters of phase detector circuits [ about 90 degrees of] 100 in the phase detector circuit 101, 
without increasing circuit structure. 

[0045] Drawing 7 is a timing chart which shows transition of the clock S2 when the period of "H" 
of the clock SI is longer than the period of "L", and drawing 8 is a timing chart which shows 
transition of the clock S2 when the period of "H" of the clock SI is shorter than the period of 
"L." a figure — inside -- a period respectively — a clock -- S -- one — S — two -- (— " 

__ H" -- " -- L -- " --) -- (-- " -- H" -- " -- H" --) -- (-- " -- L -- " -- " -- H" --) -- (-- " -- L -- " -- " -- 
L — " ~) — a value -- taking — a period -- being shown __****. 

[0046]Since delay control signal S4 is controlled based on the clock SI and the exclusive OR of 
S2, when the sum total of period ** and period ** and the sum total of period ** and period ** 
become equal, the clock S2 is locked to the clock SI. And since the clock S2 is in 90 degrees to 
transition of the clock SI, each of period ** and ** is made into a phase, a 90-degree period is 
maintained, the sum total of period ** and period ** is made into a phase, and a 180-degree 
period is maintained. 

[0047]When the period of "H" of the clock SI is longer than the period of "L", a falling edge is 
located in the timing that only delta 2 is late, from the center beta of the period of "L" at the 
timing that only the center alphadeltal of the period of "H" of the clock SI of the rising edge of 
the clock S2 is early, respectively. When the period of "H" of the clock S 1 is shorter than the 
period of "L", As for the rising edge of the clock S2, only delta 3 is located in late timing from 
the center alpha of the period of "H" of the clock SI, and a falling edge is located in the timing 
that only delta 4 is early, from the center beta of the period of "L", respectively. That is, even if 
the duty of the clock SI is not 50%, the clock S2 changes by the same duty as the clock SI, and 
90-degree delay is performed. 

[0048]Embodiment 2. drawing 9 is a circuit diagram showing about 90 degrees which replaces 
and is used for the phase detector circuit 100 about 90 degrees shown in drawing 18 among 
phase shifters about 90 degrees concerning the embodiment of the invention 2 of composition of 
the phase detector circuit 102. 

[0049]The phase detector circuit 102 is provided with about 90 degrees of followings. 
EXOR sections 13a and 13b. 
Current control 14a and 14b. 

Only when the clock SI and the exclusive OR of S2 are "H", it flows through the EXOR section 
13a, and only when the clock SI and the exclusive OR of S2 are "L", it flows through the EXOR 
section 13b. 

[0050]The EXOR section 13a is specifically provided with Pch transistor MP3 [ of the 
characteristic ] - MP6, Transistor MP3 and the sauce of MP5 are connected common to the drain 
of transistor MP0, and transistor MP3 and the drain of MP5 are connected to the sauce of 
transistor MP4 and MP6, respectively. The drains of transistor MP4 and MP6 are connected. 
That is, it is connected in parallel mutually and transistor MP3, the series connection body PI 
which MP4 constitutes, and the series connection body P2 which transistor MP5 and MP6 
constitute constitute the EXOR section 13 a. The series connection body N3 and N4 which were 
shown by Embodiment 1 are connected in parallel mutually, and the EXOR section 13b is 
constituted. 

[0051]In the gate of transistor MP6 and MN5, in common the clock SI, The clock S2 is given to 
transistor MP3 and the gate of MN6, and the inversion signal S2B is given to the gate of 
transistor MP4 and MN7 for the inversion signal SIB at the gate of transistor MP5 and MN8, 
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respectively. 

[0052]The current control 14a comprises Pch transistor MPO, power- supply-potential Vd is given 
to the sauce of transistor MPO, bias potential V B p is given to a gate, respectively, and transistor 
MP3 and the sauce of MP 5 are connected to a drain in common. The current control 14b 
comprises Nch transistor MN9, the sauce of transistor MN9 is grounded, bias potential Vbn is 
given to a gate, and the sauce of transistor MN6 and MN8 is connected to a drain in common. 
[0053]And UP / DOWN signal S3 is acquired from the node W to which the drain of transistor 
MP4, MP6, MN5, and MN7 is connected in common. 

[0054]Here, UP / DOWN signal S3 which takes the mode of current to the low pass filter 2 like 
Embodiment 1 are outputted by giving bias potential Vbp and Vbn, as current Ii passed in both 
transistor MPO and MN9. 

[0055]If the operation is explained, when the clock SI and S2 will take an equal logical value, 
the EXOR sections 13a and 13b will be turned off and turned on, respectively. Therefore, current 
Ii flows in as UP / DOWN signal S3 from the low pass filter 2. On the other hand, when taking 
the clock SI and the logical value from which S2 differs, the EXOR sections 13a and 13b will be 
turned on and turned off, respectively. Therefore, current Ii flows into the low pass filter 2 as UP 
/DOWN signal S3. 

[005 6] About 90 degrees which used about 90 degrees concerning Embodiment 2 of phase 
detector circuits 102 in a phase shifter. It adds to the effect at the time of adopting about 90 
degrees concerning Embodiment 1 of phase detector circuits 101, Since the Pch transistor 
constituted all the high potential sides from the point which takes out UP / DOWN signal S3, all 
the low potential sides were constituted from a Nch transistor and what is called CMOS structure 
is taken, circuit structure is further reducible. And in the phase detector circuit 101, the current 
which was flowing in between between power-supply-potential Vd and grounding is almost lost, 
and about 90 degrees of effects that power consumption can be reduced are also always added. 
[0057]Embodiment 3. drawin g 10 is a circuit diagram showing about 90 degrees concerning the 
embodiment of the invention 3 of principal parts of a phase shifter. The composition of this 
embodiment is obtained by adding the offset cancel circuit 3 to the composition shown by 
Embodiment 1. 

[0058]The offset cancel circuit 3 generates the offset cancellation signal S5 based on delay 
control signal S4 obtained from the low pass filter 2. The offset cancellation signal S5 adjusts the 
value of the resistance R3 which the delay control circuit 50 of the delay stage 5 has. 
[0059]The node K to which about 90 degrees of drains of transistor MP1, MN1, MN3, and 
MN10 were connected in common in the phase detector circuit 101 when a phase locked to the 
clock SI in the clock S2 (namely, when a balance is reached). Potential must be almost equal by 
the node L to which the drain of transistor MP2, MN5, MN7, and MN1 1 was connected in 
common. 

[0060]However, when there is a difference slightly with temperature etc., since the potential of 
the drain of transistor MN10 and MN1 1 differs, few differences will arise on the current which 
both transistors send. As a result, the mirror efficiency of the current mirror circuit which 
comprises transistor MN10 and MN1 1 may fall, and the delay value of the delay stage 5 may 
reach a balance with a certain amount of phase offset from 90 degrees. And since the balance 
was reached, while the potential of the nodes K and L carried out neither a rise nor descent but 
phase offset had been maintained, about 90 degrees of the phase detector circuits 101 will 
continue operating. 

[0061]The offset cancel circuit 3 is formed in order to delay 90 degrees of phases much more 
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correctly. In the offset cancel circuit 3, the resistance R2 receives delay control signal S4 in the 
one end, and, as for the other end, one end of capacitor CP2 and the plus input end of the 
differential amplifier 30 are connected in the node C. The other end of capacitor CP2 is 
grounded. In the node D, the drain of transistor MP21 and MN20 is connected to the negative 
input terminal of the differential amplifier 30 in common, and an outgoing end outputs the offset 
cancellation signal S5. Power-supply-potential Vd is given to the sauce of transistor MP21, and 
the sauce of transistor MN20 is grounded. The gate and drain of transistor MN20 are connected 
in common, and bias potential Vbp is given to the gate of transistor MP21 . The characteristic of 
transistor MP21 and MN20 is arranged identically to transistor MP1 and MN10 here, 
respectively, and transistor MP21 and MN20 are provided as a straw man, if transistor MP1 of 
the phase detector circuit 101 and MN10 say about 90 degrees. 

[0062]The differential amplifier 30 receives the potential of the node L in the node C indirectly, 
and compares it with the potential of the node D. Since it is thought that the potential of the node 
D is equal to the potential of the node K, the offset cancellation signal S5 can adjust the value of 
the resistance R3 so that the potential difference of the nodes K and L may be canceled. 
[0063 ]The potential of the node L is transmitted to the node C via two low pass filters with low 
pass filter 2b which comprises the low pass filter 2, and the resistance R2 and CP2. The low pass 
filter 2 equalizes the quantity of the electric charge which flows through the node L by capacitor 
CP1, and generates delay control signal S4 which is a direct-current voltage signal by that cause. 
After the delay stage 5 is controlled by this signal S4, a new equilibrium situation arises and the 
potential of the node L also changes in connection with it. By making the damping time constant 
of low pass filter 2b here larger than the damping time constant of the low pass filter 2 by setting 
up the value of capacitor CP2 more greatly than the value of capacitor CP1 . Change of the 
potential of the node C which is an output of low pass filter 2b can be made slower than change 
of the potential of the node L which is an input of the low pass filter 2. The differential amplifier 
30 controlling the resistance of the resistance R3 slowly, and maintaining an equilibrium 
situation mostly, once delay is controlled by taking such composition. The gate potential (that is, 
potential of the outgoing end of the low pass filter 2) of transistor MN12 can become equal to the 
potential of the node D. 

[0064]Incidentally, since transistor MP21 and MN20 work as a straw man of transistor MP1 and 
MN10, As the signal from the node L passed two low pass filters and has resulted in the node C, 
concern whether 2 sets of low pass filters are necessities may arise in the node D. However, 
since it becomes the value with same current which flows into the low pass filter 2 and current 
flowing out from the node L when it is in an equilibrium situation, it can be said that it is in the 
state where it sees on the average in the gate of transistor MN12, and current does not flow with 
the function of the low pass filter 2. That is, the voltage drop by current flowing also into the 
resistance R2 connected to the node C is not produced. On the other hand, since the node D is 
connected to a negative input terminal with a high input impedance called the differential 
amplifier 30, current does not flow. Therefore, it is not necessary to provide 2 sets of low pass 
filters to the node D. 

|~0065] Drawmg 11 is a circuit diagram which illustrates the composition of the resistance R3. 
The resistance R3 is constituted by the fixed resistance R4 and the series connection of Nch 
transistor MN16. The offset correction signal S5 is given to the gate potential of transistor 
MN16, and the ON resistance of transistor MN16 is changed. 

[0066]As mentioned above, since feedback which controls the current which detects the potential 
difference of the nodes K and L by the nodes C and D indirectly, and transistor MN12 sends 
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based on the potential difference by this embodiment is performed, At the time of a lock, the 
potential of the node L can be mostly coincided with the potential of the node K, and the 
problem of phase offset can be solved. 

[0067]Embodiment 4. drawing 12 is a circuit diagram showing about 90 degrees which replaces 
and is used for the phase detector circuit 100 about 90 degrees shown in drawing 1 8 among 
phase shifters about 90 degrees concerning the embodiment of the invention 4 of composition of 
the phase detector circuit 103. The phase detector circuit 103 has about 90 degrees of 
composition which replaced the current control [ in / about 90 degrees / the phase detector circuit 
101 ] 14 shown in Embodiment 1 by the current control 15. 

[0068]The current control 15 is provided with two Nch transistor MN14 and the composition 
which added 15 to the current control 14. Specifically in the node E, the drain of transistor MP1 
and the drain of transistor MN14 are connected for the drain of transistor MN10, the sauce of 
transistor MN14, and a backgate in the node A, respectively. In the node F, the drain of MP2 and 
the drain of transistor MN15 are connected for the drain of transistor MN1 1, the sauce of 
transistor MN15, and a backgate in the node B, respectively. The EXOR section 13 is connected 
to the nodes E and F. That is, transistor MP2 as one current source and MN15 can be grasped for 
transistor MP1 and MN14 as other one current source, respectively. 

[0069]In such composition, the potential difference between the node E and the node F can be 
suppressed as follows by giving bias potential Vbn2 common to the gate of transistor MN14 and 
MN15. 

[0070]Each potential of the node A, the node B, the node E, and the node F is set to Va, Vb, Ve, 
and Vf, respectively. While the circuit of drawing 12 is operating, the current which always goes 
to a ground via any one of the four series connection bodies N1-N4 which constitute the EXOR 
section 1 3 is flowing, and the values of the current in the node E and the node F differ 
momentarily. However, when it sees on the average, if it is in an equilibrium situation, it can be 
said that the current which flows towards the EXOR section 13 also from the node F becomes 
the same value also from the node E. Although the current which flows into the low pass filter 2 
is also one of an inflow and the outflows from the node B momentarily, current will not flow into 
the low pass filter 2 on the average. 

[0071]Then, the current which flows into transistor MN14 and MN15 will be averaged, and will 
be equal. This current is made into V. Therefore, several 1 and several 2 are realized (for 
example, "analogue integrated circuit engineering (second edition) upper written by gray & 
Maier" Baifukan, p. 62 reference). 
[0072] 
[Equation 1] 

[Q ' = JL.W (VBN2-Ve-VTH} 2 ( l + ^(Va-Ve)) 
2 L 

[0073] 
[Equation 2] 

Io > = JL ^ (VBN2 _ Vi _ VT il) 2 ( l+/l(Vb-Vf)) 
2 L 

[0074]However, k shows the product of gate capacitance and the mobility of an electric charge, 
as for W and L, the gate width of a transistor, gate length, and V T h show the threshold voltage of 
a transistor, and lambda shows the short channel effect, respectively. Since the sauce and 
backgate potential of transistor MN14 and MN15 are equal, the difference of the threshold by the 
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substrate effect of the transistors MN14 and MN15 has been disregarded. 

[0075]Several 1 and several 2 are rewritten as Vf=V e +deltaV e f and Vb = V a +deltaV a b, [0076] 

[Equation 3] 

Io > = JL£ (VBN2-Ve-VTH) 2 ( l+^(Va-Ve)) 
2 L 

[0077] 
[Equation 4] 

l0 - = JL W. (VBN2-Ve-VTH- <?Vef) 2 ( 1+^ ( Va - Ve - 3 Vei + 5 Vab) ) 
2 L 

[0078]******. The following expressions of relations are called for by taking further several 3 
and several 4 difference, and disregarding the product of deltaV a b and deltaV e f, or the paragraph 
of each square. 
[0079] 
[Equation 5] 

<5Vef A (VBN2-Ve~VTH) 

JVrt~ 2(l + ;(Va-Ve)) + ;(VBN2-Ve-VTH) 

[0080]According to the above-mentioned literature, since lambda usually has a value of 0.03 - 
0.005V" 1 , several 5 value turns into 1/100 or less value. 

[0081]Even if this node B to which the phase detector circuit 103 reaches an equilibrium 
situation, and outputs about 90 degrees of UP / DOWN signals S3 from the above thing differs 
from potential of the node A used as it and a pair, Between the node E which is a drain part of 
transistor MN10 which constitutes a current mirror, and MN1 1, and the node F, it turns out that 
there can almost be no potential difference. Therefore, current which flows through both 
transistors can be coincided and about 90 degrees of offset of the phase detector circuit 103 can 
be controlled. 

[0082]Embodiment 5. drawing 13 is a circuit diagram showing about 90 degrees which replaces 
and is used for the phase detector circuit 100 about 90 degrees shown in drawing 1 8 among 
phase shifters about 90 degrees concerning the embodiment of the invention 5 of composition of 
the phase detector circuit 104. The phase detector circuit 103 has about 90 degrees of 
composition which replaced the current control [ in / about 90 degrees / the phase detector circuit 
103 ] 15 shown in Embodiment 4 by the current control 16. 

[0083]The current control 16 is provided with composition which added two Pch transistorMP9 
and MP 10 to the current control 15. Specifically in the node G, a drain of transistor MP9 and a 
drain of transistor MN14 are connected for sauce and a backgate of drain [ of transistor MP1 ], 
and transistor MP9 in the node A, respectively. In the node H, a drain of MP 10 and a drain of 
transistor MN15 are connected for sauce and a backgate of drain [ of transistor MP2 ], and 
transistor MP10 in the node B, respectively. That is, transistor MP2 as one current source, MP10, 
and MN15 can be grasped for transistor MP1, MP9, and MN14 as other one current source, 
respectively. 

[0084]In such composition, bias potential Vbp2 is given common to a gate of transistor MP9 and 
MP 10. In the current control 15 shown in Embodiment 4, when potential difference is between 
the node A and the node B, a difference will also produce a little current which flows through 
transistor MP1 and MP2 by the difference in drain voltage. However, since potential difference 
between the node G of the current control 16 and the node H can be controlled by inserting 
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transistor MP9 and MP 10 by the principle same in this embodiment as Embodiment 4, a still 

highly precise offset cancel effect is realizable. 

[0085] 

[Effect of the Invention] Since according to the phase shifter about 90 degrees which claim 1 
costs among this invention of the 2nd current is drawn out by the 1st portion from the 1st node 
when taking the logic from which the 1st and 2nd signals differ, current only with few parts of 
the 2nd current than the 1st current flows into the 2nd course of a current mirror circuit. On the 
other hand, since the 2nd current source supplies the 1st current to the 2nd node, the 2nd current 
flows out of the 2nd node into the 1st low pass filter. Conversely, when the 1st and 2nd signals 
take equal logic, the 2nd current is drawn out by the 2nd portion from the 2nd node. However, 
current is not drawn out from the 1st node but the 1st current is flowing into the 2nd course of a 
current mirror circuit. Therefore, the 2nd current flows into the 2nd node from the 1st low pass 
filter. It integrates with the outflow ON of such current in the 1st low pass filter, and it controls 
the delaying amount of a delay part. Since the 1st signal is delayed in a delay part and the 2nd 
signal is generated, feedback control is performed so that the 1st signal and the 2nd signal may 
maintain and lock 90-degree phase contrast. 

[0086] According to the phase shifter, it flows out of the 2nd node to the 1st low pass filter, and 
about 90 degrees which claim 2 costs among this invention of jitters of the 2nd current that 
carries out ON are controlled with the damping time constant determined by the 1st capacitor 
and resistance. 

[0087] According to the phase shifter, by making output potential of the 1st low pass filter into a 
big value in an initial state, the delay value for acquiring the 2nd signal can be made small, and 
about 90 degrees which claim 3 costs among this invention of transition operation to a lock can 
be performed. 

[0088]According to the phase shifter, about 90 degrees which claim 4 costs among this invention 
of values of the 1st and 2nd nodes can be monitored by the dummy part and the 1st low pass 
filter, respectively. Therefore, even if potential difference arises in the 1st and 2nd nodes and it 
reaches an equilibrium situation, a control signal can control a delaying amount to control the 
difference. 

[0089]A phase shift can be controlled a differential amplifier controlling the resistance of a 
variable resistor slowly, and maintaining mostly about 90 degrees which claim 5 costs among 
this invention of equilibrium situations according to the phase shifter, once delay is controlled. 
[0090] Since the 1st transistor of the 1st current source and the 1st transistor of the 2nd current 
source make small about 90 degrees which claim 6 costs among this invention of potential 
difference of the 1st node and the 2nd node according to the phase shifter, operation of a current 
mirror circuit can be ensured and phase offset can be controlled. 

[0091] According to the phase shifter, the 3rd transistor of the 1st current source and the 3rd 
transistor of the 2nd current source can ensure operation of a current mirror circuit further, and 
can control further about 90 degrees which claim 7 costs among this invention of phase offset. 
[0092] According to what starts claim 8 among this invention, based on the 1st and 2nd signals, 
the 1st switch determines whether the 1st current source is connected as an output node, but the 
load of the 1st and 2nd signals is equal to the 1st switch. Although the 2nd switch determines 
whether the 2nd current source is connected as an output node based on the 1st and 2nd signals, 
the load of the 1st and 2nd signals is equal also to the 2nd switch. Therefore, load about the 1st 
and 2nd signals can be equalized, and phase offset can be controlled. 
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TECHNICAL FIELD 



[Field of the Invention] This inventions are insides, such as a digital disposal circuit, for example, 
the receiving circuit of a radio signal, and a processing circuit of a computer, and relate to the 
delay circuit (in this application, this is called a phase shifter about 90 degrees) outputted so that 
the inputted signal may be made into 1/4 of the cycle, and a phase and it may become 90-degree 
delay. 

PRIOR ART 



[Description of the Prior Art~| Drawing 14 is a timing chart which shows a relation with the clock 
SI which changes to the same timing as the cycle of transition of the data S6, and transition of 
the data S6, and a phase. In the digital disposal circuit which receives such the data S6 and the 
clock SI, The way things stand, when the clock SI changes, the data S6 has changed, and the 
data S6 cannot be latched appropriately to latch the data S6 using the standup of the clock SI, or 
transition of falling. Then, it will be necessary to shift the phase of the clock SI to the data S6. 
[0003] Drawing 15 is the timing chart which made the phase timing to which the clock SI 
changes to the timing to which the data S6 changes, and was able to shift it 90 degrees. By doing 
in this way, the standup of the clock S 1 or the timing of falling serves as a center (center of the 
timing of transition that the data S6 adjoins) of the eye pattern of the data S6, and the latch of the 
data S6 using transition of the clock SI becomes the most certain. 

[0004] Drawjng 16 is a circuit diagram showing the outline of the input interface of the chip 91 
which inputs the data S6 and the clock SI. Respectively the data S6 and the clock SI spread the 
transmission lines 1 10a and 1 10b of the chip 91 exterior, result in the pad electrodes 111a and 
1 1 lb of chip 91 inside, and are buffered by the buffers 1 12a and 1 12b, respectively. The 90- 
degree phase shift of about 90 degrees of the clocks SI is carried out by the phase shifter 200 
after that, and the clock S2 is generated. 

[0005]The data S6 buffered by any data-input-terminals D of the latch circuitry 1 13a and 1 13b is 
given, and the clock S2 is given to which clocked into end T. However, the latch circuitry 1 13a 
latches the data S6 at the time of the standup of the clock S2, and the latch circuitry 1 13b latches 
the data S6 at the time of falling of the clock S2. 

[00061 Drawing 17 is a circuit diagram which illustrates about 90 degrees of composition of the 
phase shifter 200. The phase shifter 200 is provided with about 90 degrees of the PLL (Phase- 
LockedLoop) circuits 120 and the delay stages 5. PLL circuit 120 is provided with VCO circuit 
122, the phase comparator 121, and the low pass filter 2. Signal S9 by which the reference signal 
S7 and the phase were locked is generated by this PLL circuit 120. In this case, delay control 
signal S4 obtained from the low pass filter 2 is adopted as the delay control of the delay stage 5, 
and the clock SI buffered by the buffer 1 12b is in 90 degrees in the delay stage 5, and turns into 
the output clock S2. 

[0007]the time of PLL circuit 120 locking about 90 degrees by the phase shifter 200 — delay in 
VCO circuit 122 — the cycle of the reference signal S7 ~ so that it may become half (a phase is 
used and it is 180 degrees) exactly, Delay control signal S4 from the number and the low pass 
filter 2 of the buffer 4 of VCO circuit 122 inside is set up. And the output of the couple from the 
buffer 4 of a final stage carries out a positive/negative inversion, and is connected to the input of 
the couple of the buffer 4 of the stage at first. By this, when the reference signal S7 is given, 
VCO circuit 122 will be stabilized and will be oscillated, and signal S9 locked with the same 
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cycle as the reference signal S7 and the phase will be obtained. 

[0008]Then, the signal shifted only one fourth of cycles to the clock SI is generable as the clock 
S2 by adopting the clock SI as the reference signal S7, and having the buffer 4 of the half of the 
number of the internal buffers 4 with which the delay stage 5 constitutes VCO circuit 122. That 
is, as long as PLL circuit 120 locks, the delay produced in the delay stage 5 is not dependent on a 
process or other conditions, is made into a phase, and is held at 90 degrees. 

EFFECT OF THE INVENTION 



[Effect of the Invention] Since according to the phase shifter about 90 degrees which claim 1 
costs among this invention of the 2nd current is drawn out by the 1st portion from the 1st node 
when taking the logic from which the 1st and 2nd signals differ, current only with few parts of 
the 2nd current than the 1st current flows into the 2nd course of a current mirror circuit. On the 
other hand, since the 2nd current source supplies the 1st current to the 2nd node, the 2nd current 
flows out of the 2nd node into the 1st low pass filter. Conversely, when the 1st and 2nd signals 
take equal logic, the 2nd current is drawn out by the 2nd portion from the 2nd node. However, 
current is not drawn out from the 1st node but the 1st current is flowing into the 2nd course of a 
current mirror circuit. Therefore, the 2nd current flows into the 2nd node from the 1st low pass 
filter. It integrates with the outflow ON of such current in the 1st low pass filter, and it controls 
the delaying amount of a delay part. Since the 1st signal is delayed in a delay part and the 2nd 
signal is generated, feedback control is performed so that the 1st signal and the 2nd signal may 
maintain and lock 90-degree phase contrast. 

[0086] According to the phase shifter, it flows out of the 2nd node to the 1st low pass filter, and 
about 90 degrees which claim 2 costs among this invention of jitters of the 2nd current that 
carries out ON are controlled with the damping time constant determined by the 1st capacitor 
and resistance. 

[0087] According to the phase shifter, by making output potential of the 1st low pass filter into a 
big value in an initial state, the delay value for acquiring the 2nd signal can be made small, and 
about 90 degrees which claim 3 costs among this invention of transition operation to a lock can 
be performed. 

[0088]According to the phase shifter, about 90 degrees which claim 4 costs among this invention 
of values of the 1st and 2nd nodes can be monitored by the dummy part and the 1st low pass 
filter, respectively. Therefore, even if potential difference arises in the 1st and 2nd nodes and it 
reaches an equilibrium situation, a control signal can control a delaying amount to control the 
difference. 

[0089]A phase shift can be controlled a differential amplifier controlling the resistance of a 
variable resistor slowly, and maintaining mostly about 90 degrees which claim 5 costs among 
this invention of equilibrium situations according to the phase shifter, once delay is controlled. 
[0090] Since the 1st transistor of the 1st current source and the 1st transistor of the 2nd current 
source make small about 90 degrees which claim 6 costs among this invention of potential 
difference of the 1st node and the 2nd node according to the phase shifter, operation of a current 
mirror circuit can be ensured and phase offset can be controlled. 

[0091] According to the phase shifter, the 3rd transistor of the 1st current source and the 3rd 
transistor of the 2nd current source can ensure operation of a current mirror circuit further, and 
can control further about 90 degrees which claim 7 costs among this invention of phase offset. 
[0092] According to what starts claim 8 among this invention, based on the 1st and 2nd signals, 
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the 1st switch determines whether the 1st current source is connected as an output node, but the 
load of the 1st and 2nd signals is equal to the 1st switch. Although the 2nd switch determines 
whether the 2nd current source is connected as an output node based on the 1st and 2nd signals, 
the load of the 1st and 2nd signals is equal also to the 2nd switch. Therefore, load about the 1st 
and 2nd signals can be equalized, and phase offset can be controlled. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, generally there was a problem of the 
increase of hard quantity and the increase of power consumption which are produced from being 
a problem of destabilization and VCO being required in a PLL circuit. 

[0010]It is going to solve this problem and the art of performing a 90-degree phase shift without 
using PLL circuit 120 is also proposed. Drawing 18 is a circuit diagram which illustrates about 
90 degrees used about 90 degrees in drawing 16 replacing by the phase shifter 200 of 
composition of the phase shifter 201. The composition of the phase shifter 201 removes about 90 
degrees of VCO circuits 122 under composition of the phase shifter 200, and has about 90 
degrees of composition which transposed about 90 degrees of phase comparators 121 to the 
phase detector circuit 100. That is, the phase shifter 201 constitutes about 90 degrees of DLL 
(Delay-Locked Loop) circuits. 

[OOllj Drawmg 19 is a circuit diagram which illustrates about 90 degrees of composition of the 
phase detector circuit 100. The phase detector circuit 100 is provided with about 90 degrees of 
EXOR circuits 10a and the charge pump circuits 1 1 .The clock SI and the exclusive OR of S2 
which were acquired by EXOR circuit 10a are changed into UP / DOWN signal S3 which takes 
the mode of current in the charge pump circuit 1 1 . In order to supply UP / DOWN signal S3, the 
current source as which a current amount is determined by a bias signal, respectively is provided 
in the charge pump circuit 1 1 . 

[0012]UP / DOWN signal S3 is given to the low pass filter 2, the current amount integrates with 
it, it is changed into a direct-current voltage signal, and delay control signal S4 to the delay stage 
5 is obtained. Feedback is hung by this delay control signal S4 to the delay for obtaining the 
clock S2 from the clock SI. 

[0013]However, it receives that the clock SI passes a transfer gate or a NOT circuit, and reaches 
the charge pump circuit 1 1 in EXOR circuit 10a, Since the clock S2 is only applied to the gate 
which manages ON/OFF of a transfer gate, the clock SI and S2 will receive different input load 
in EXOR circuit 10a. For this reason, there was a problem that the clock S2 will balance with the 
phase [ degrees / 90 ] shifted to the clock SI (below, this gap is called phase offset). 
[0014]In order to solve this, adopting EXOR circuit 10b constituted like drawing 20 instead of 
EXOR circuit 10a is also considered. Although the clock SI and the input load to S2 become 
equal with this composition, since the compound gate is used, many transistor counts will be 
needed, and the problem that circuit structure becomes large will arise. 

[0015]It was made in order that this invention might solve the above-mentioned problem, and it 
aims at obtaining about 90 degrees with easy circuitry of phase shifters. It aims also at obtaining 
the phase shifter which equalized load about the signal which is two by which a phase should be 
locked. It aims also at the improvement of phase offset. 



MEANS 
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[Means for Solving the Problem] What starts claim 1 among this invention The 1st and 2nd 
nodes, The 1st current source that supplies the 1st current to said 1st node, and the 2nd current 
source that supplies said 1st current to said 2nd node, The 1st current control circuit that has a 
current mirror circuit including the 1st course that draws out current from said 1st node, and the 
2nd course that draws out current from said 2nd node, The 1st portion that draws out the 2nd 
current from said 1st node only when exclusive OR of the 1st and 2nd signals takes the 1st logic, 
The 2nd current control circuit that has the 2nd portion that draws out said 2nd current from said 
2nd node only when exclusive OR of said 1st and 2nd signals takes said 1st logic and the 2nd 
different logic, About 90 degrees provided with the 1st low pass filter connected to said 2nd 
node and a delay part which delays said 1st signal by a delaying amount controlled by output 
potential of said 1st low pass filter, and outputs said 2nd signal are a phase shifter. 
[0017]The 1st end according to claim 1 by which about 90 degrees of things which start claim 2 
among this invention are phase shifters, and said 1st low pass filter was connected to said 2nd 
node, Resistance which has the 2nd end from which said output potential of said 1st low pass 
filter is obtained, It has the 1st capacitor that has the 1st end connected to said 1st end of said 
resistance, and the 2nd end, the 1st end connected to said 2nd end of said resistance, and the 2nd 
end connected to said 2nd end of said 1st capacitor, and has the 2nd capacitor with larger 
capacity value than said 1st capacitor. 

[0018]The about 90 degrees according to claim 2 of things which start claim 3 among this 
invention are phase shifters, and said 1st low pass filter is further provided with a current supply 
source mechanism which makes an initial state of said 2nd capacitor a charging state. 
[0019]The plus input end according to claim 1 which about 90 degrees of things which start 
claim 4 among this invention are phase shifters, and makes an input signal said output potential 
of said 1 st low pass filter, A differential amplifier containing a negative input terminal and an 
outgoing end which outputs a control signal which controls said delaying amount with said 
output potential of said 1st low pass filter, Connection equivalent to said 1st course of said 1st 
current source and said current mirror circuit is made, and it is connected to said negative input 
terminal of said differential amplifier, and has further an offset cancel circuit which has a dummy 
part containing a dummy node corresponding to said 1st node. 

[0020]The about 90 degrees according to claim 4, it is a phase shifter which starts claim 5 among 
this invention, and said offset cancel circuit, It is inserted between said 1st low pass filter and 
said plus input end of said differential amplifier, and has further the 2nd low pass filter with a 
bigger damping time constant than said 1st low pass filter. 

[0021]The about 90 degrees according to claim 1 of things which start claim 6 among this 
invention are phase shifters, and said 1st current source A drain, The 1st transistor that has sauce 
and a backgate which were connected common to said 1st node, and a gate where the 1st bias is 
impressed, Sauce and a drain connected to said drain of said 1st transistor, Have the 2nd 
transistor that has a gate where the 2nd bias is impressed, and said 2nd current source A drain, 
The 1st transistor that has sauce and a backgate which were connected common to said 2nd node, 
and a gate where said 1st bias is impressed, It has the 2nd transistor that has said sauce of said 
2nd transistor of said 1st current source, connected sauce, a drain connected to said drain of said 
1st transistor of said 2nd current source, and a gate where said 2nd bias is impressed. 
[0022]The drain according to claim 6 with which about 90 degrees of things which start claim 7 
among this invention are phase shifters, and said 1st current source was connected to said drain 
of said 1st transistor of said 1st current source, Sauce and a backgate which were connected in 
common with said drain of said 2nd transistor of said 1st current source, A drain which was 



Page 19 of 29 



Machine English Translation of JP 2000-036729 A 



further provided with the 3rd transistor that has a gate where the 3rd bias is impressed and with 
which said 2nd current source was connected to said drain of said 1st transistor of said 2nd 
current source, It has further the 3rd transistor that has sauce and a backgate which were 
connected in common with said drain of said 2nd transistor of said 2nd current source, and a gate 
where said 3rd bias is impressed. 

[0023] What starts claim 8 among this invention The 1st current source and the 2nd current 
source, The 1st switch that flows only when it is provided between an output node, and said 1st 
current source and said output node and exclusive OR of the 1st and 2nd signals takes the 1st 
logic, The 2nd switch that flows only when it is provided between said 2nd current source and 
said output node and exclusive OR of said 1st and 2nd signals takes said 1st logic and the 2nd 
different logic, About 90 degrees provided with a low pass filter connected to said output node 
and a delay part which delays said 1st signal by a delaying amount controlled by output potential 
of said low pass filter, and outputs said 2nd signal are a phase shifter, Said 1st switch has the 1st 
and 2nd series connection bodies mutually connected in parallel between said 1st current source 
and said output node, Have said 2nd switch and the 1st and 2nd series connection bodies 
mutually connected in parallel between said 2nd current source and said output node said 1st 
series connection body of said 1st switch, A series connection of the 1st transistor that flows 
when said 1st signal takes said 1st logic, and the 2nd transistor that flows when said 2nd signal 
takes said 2nd logic is comprised, The 1st transistor through which said 2nd series connection 
body of said 1st switch flows when said 1st signal takes said 2nd logic, Comprise a series 
connection with the 2nd transistor that flows when said 2nd signal takes said 1st logic, and said 
1st series connection body of said 2nd switch, The 1st transistor that flows when said 1st signal 
takes said 1st logic, Comprise a series connection with the 2nd transistor that flows when said 
2nd signal takes said 1st logic, and said 2nd series connection body of said 2nd switch, About 90 
degrees which comprises a series connection of the 1st transistor that flows when said 1st signal 
takes said 2nd logic, and the 2nd transistor that flows when said 2nd signal takes said 2nd logic 
are a phase shifter. 
[0024] 

[Embodiment of the Invention]Embodiment 1. drawing I is a circuit diagram showing about 90 
degrees which replaces and is used for the phase detector circuit 100 about 90 degrees shown in 
drawing 1 8 among phase shifters about 90 degrees concerning the embodiment of the invention 1 
of composition of the phase detector circuit 101. 

[0025]The phase detector circuit 101 is provided with about 90 degrees of the EXOR sections 13 
and the current control 14. The EXOR section 13 comprises the Nch transistors MN1-MN8 of 
the characteristic, and Nch transistor MN9 mutually. The current control 14 is mutually 
constituted from the Nch transistors MN10 and MN1 1 of the characteristic by Pch transistorMPl 
of the characteristic, MP2, and each. 

[0026]In the EXOR section 13, the drains of transistor MN5 and MN7 are connected in common 
for the drains of transistor MN1 and MN3, respectively. The sauce of transistor MN3 and the 
drain of transistor MN4 are connected with the sauce of transistor MN1 for the drain of transistor 
MN2, respectively. The sauce of transistor MN7 and the drain of transistor MN8 are connected 
with the sauce of transistor MN5 for the drain of transistor MN6, respectively. And the sauce of 
transistor MN2, MN4, MN6, and MN8 is connected in common, the clock SI ~ the gate of 
transistor MN1 and MN5 ~ give the inversion signal SIB to the gate of transistor MN3 and 
MN7, the clock S2 is given to the gate of transistor MN4 and MN6, and the inversion signal S2B 
is given to the gate of transistor MN2 and MN8, respectively. The drain of transistor MN9 is 
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connected common to the sauce of transistor MN2, MN4, MN6, and MN8, and the sauce of 
transistor MN9 is grounded. Bias potential Vbn is impressed to the gate of transistor MN9. 
[0027]In the current control 14, bias potential Vbp is given to the sauce of transistor MP1 and 
MP2 for power-supply-potential Vd in common at the gate, respectively. The sauce of transistor 
MN10 and MN1 1 is grounded in common. With the drain and gate of transistor MN10, the drain 
of transistor MP1 is connected to the drain of transistor MN1 and MN3 in common in the node 
K. With the drain of transistor MN1 1, the drain of transistor MP2 is connected to the drain of 
transistor MN5 and MN7 in common in the node L. UP / DOWN signal S3 is acquired by the 
node L as current which flows / flows out. 

[0028]In the EXOR section 13, when the clock SI and S2 take the same logical value, one of 
transistors turns off by the series connection body Nl which transistor MN1 and MN2 constitute. 
One of transistors turns off also by the series connection body N2 which transistor MN3 and 
MN4 constitute similarly. Therefore, the series connection body Nl and N2 turn off the branch 
by which multiple connection was carried out as a whole. On the other hand, in both the series 
connection bodies N3 that transistor MN5 and MN6 constitute, when the clock SI and S2 are 
High(s), both transistor MN5 and MN6 turn on. In both the series connection bodies N4 that 
transistor MN7 and MN8 constitute, when the clock SI and S2 are Low(s), both transistor MN5 
and MN6 turn on. Therefore, the series connection body N3 and N4 turn on the branch by which 
multiple connection was carried out as a whole. 

[0029]In taking the clock SI and the logical value from which S2 differs, in the series connection 
body N3 and N4, one of transistors turns off and it turns off the series connection body N3 and 
the branch to which multiple connection of N4 was carried out as a whole. On the other hand, the 
series connection body Nl and either of N2 turn on. 

[0030]As mentioned above, the series connection body Nl and the multiple connection of N2 
flow, only when the clock SI and the exclusive OR of S2 are "H", and the series connection 
body N3 and the multiple connection of N4 flow, only when the clock SI and the exclusive OR 
ofS2are"L." 

[0031] Drawing 2 is a circuit diagram showing about 90 degrees in case the clock SI and S2 take 
the same logical value of equivalent circuits of the phase detector circuit 101. In a figure, the 
gate where the upward arrow was added shows that logic"H" is given (also setting on the 
following drawings the same). Bias potential Vbp was impressed equally to the gate of transistor 
MP1 and MP2, and since power-supply-potential V D is impressed equally, the drain has required 
the voltage between sauce gates equal also to which transistor MP1 and MP2. both [ for this 
reason, ] transistor MP1 and MP2 ~ although ~ current I 0 is passed equally. 
[0032]Transistor MN10 and MN1 1 constitute the current mirror circuit, and since the series 
connection body Nl and the branch to which multiple connection of N2 was carried out are 
moreover turned off as a whole, current equal to current I 0 which transistor MP1 passes flows 
into transistor MN10 and MN1 1 . On the other hand, since transistor MN9 passes current Ii based 
on bias potential Vbn, current Ii is drawn in the current control 14 as UP / DOWN signal S3 from 
the path connected to the low pass filter 2. Hereafter, current Ii calls a down period the period 
drawn in the current control 14 in this way. 

r00331 Drawmg 3 is a circuit diagram showing about 90 degrees in the case of taking the clock 
SI and the logical value from which S2 differs of equivalent circuits of the phase detector circuit 
101 . When the path which goes to transistor MN9 has arisen from the drain side of transistor 
MN10, transistor MP1 passes current I 0 and transistor MN9 is passing current Ii, Current (Io-Ii) 
will flow into transistor MN10 and MN1 1 . Since transistor MP2 passes current I 0 , current Ii 
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flows out of the current control 14 into the low pass filter 2 as UP / DOWN signal S3. Hereafter, 
current Ii calls a rise period the period which flows into the low pass filter 2 in this way. 
|~0034] Drawmg 4 is the timing chart which also added the clock SI, S2 and contrast attachment, 
and delay control signal S4 for UP / DOWN signal S3 generated as mentioned above. However, 
the direction out of which it thinks on the basis of the current control 14, is considered as UP / 
DOWN signal S3, and current flows into the low pass filter 2 is made positive, and the direction 
which flows from the low pass filter 2 is made negative. About 90 degrees of this embodiment, 
since about 90 degrees shown in drawing 18 of phase detector circuits 101 can be replaced and 
used for the phase detector circuit 100, below, they are explained also with reference to drawing 
18, 

[0035]Considering the case where adjustment of a phase is started from the state where the delay 
value of the delay stage 5 is less than 90 degrees, as for about 90 degrees of UP / DOWN signals 
S3 from the phase detector circuit 101, the direction of a down period becomes longer than a rise 
period. Therefore, delay control signal S4 produced by integrating with UP / DOWN signal S3 in 
the low pass filter 2, and changing into the voltage of a direct current falls on the average, 
although there is some exception in a rise period. Therefore, the delay value of the delay stage 5 
increases, and when it amounts to one fourth of cycles, about 90 degrees of the rise periods and 
down periods of UP / DOWN signal S3 of the phase detector circuit 101 become equal. That is, 
the phase of the clock S2 balances later than it of the clock SI 90 degrees. 
[003 6] When the delay value of the delay stage 5 starts adjustment of a phase from a bigger value 
than 90 degrees, as for UP / DOWN signal S3, the direction of a rise period becomes longer than 
a down period. Therefore, delay control signal S4 goes up on the average, although there is some 
exception in a down period, and a delay value causes the decreasing tendency. And the phase of 
the clock S2 balances later than it of the clock S 1 90 degrees like the case of the point. 
|~0037~| Drawing 5 is a circuit diagram which illustrates the composition of the delay stage 5. The 
delay stage 5 is provided with the delay control circuit 50 and the delay buffer part 5 1 . The delay 
control circuit 50 is provided with Nch transistor MN12, MN13, Pch transistorMP7 and MP8, 
and the resistance R3. The sauce of transistor MN12 is grounded via the resistance R3, and the 
drain is connected common to the drain and gate of transistor MP7. Power- supply-potential Vd is 
given to the sauce of transistor MP7 and MP8 in common, and the drain of transistor MP8 is 
connected to the gate and drain of transistor MN13. The sauce of transistor MN13 is grounded. 
[0038]Current is supplied to the potential side with the high delay buffer part 5 1 by the Pch 
transistor, The plurality of the inverter ("delay inverters" is called in this invention) with which 
current is drawn out has the composition connected in series with the Nch transistor from the low 
potential side, and the clock SI which is the target of delay is given to the delay inverters of the 
stage at first. Since the transistor which specifies the current supplied to delay inverters 
constitutes the current mirror circuit with transistor MP 8 or MN13, the delaying amount in each 
delay inverters is determined by the current which flows into transistor MN12. Since delay 
control signal S4 is given to the gate of transistor MN12, as the delay stage 5 whole, the delaying 
amount of the delay stage 5 will be controlled by delay control signal S4. Of course, the current 
which flows into transistor MN12 can change the resistance of the resistance R3, and can also be 
adjusted. 

|~0039~| Drawing 6 is a circuit diagram which illustrates the composition of the low pass filter 2. 
One end of capacitor CP0 is connected to the 1st end (end by the side of the left in the figure) of 
the resistance Rl, one end of capacitor CP1 is connected to the 2nd end (end by the side of figure 
Nakamigi), respectively, and the other end of capacitor CP0 and CP1 is grounded in common. 
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UP / DOWN signal S3 is given to the 1st end of the resistance Rl . The capacity value of 
capacitor CPO is set up very small as compared with the capacity value of capacitor CP1 . 
[0040] Since it is easy, if capacitor CPO is disregarded and considered, the resistance Rl and 
capacitor CP1 will mainly be integrated with an inflow/outflow of current Ii to the low pass filter 
2 by UP / DOWN signal S3, it will be mostly changed into the voltage of a direct current, and 
will obtain delay control signal S4. 

[0041]The function of capacitor CPO makes small change of delay control signal S4 always 
according [ current Ii ] to the inflow/flowing out to the low pass filter 2. Speaking qualitatively, 
controlling the high frequency component (jitter) of current Ii with the damping time constant 
determined by capacitor CPO and the resistance Rl, and controlling change of the voltage given 
to the gate of transistor MN12 of the delay control circuit 50. Since the capacity value of 
capacitor CPO is dramatically small as compared with the capacity value of capacitor CP1, it 
hardly depends for the damping time constant in this case on the value of capacitor CP1. 
However, it is clear to operation of this embodiment that existence of capacitor CPO is not 
indispensable. 

[0042]The function to set the potential of capacitor CP1 as power-supply-potential Vd based on 
the reset signal S8 may be applied to the 2nd end of the resistance Rl. If the protective diode Dl 
in preparation for the case where capacitor CP1 is specifically charged more than power-supply- 
potential Vd, and the switch SW switch on based on the reset signal S8 are formed in series 
between the potential point which gives power-supply-potential Vd, and the 2nd end of the 
resistance Rl, the above-mentioned function is realizable. By adding this function, the reset 
signal S8 can be inputted by an initial state, capacitor CP1 can be charged, and current can be 
started to transistor MN12 from the maximum and the state where made it pass and the delay 
value of the delay stage 5 was always made into the minimum. 

[0043]As mentioned above, in a phase shifter, since not PLL circuit 120 but DLL circuit 201 was 
adopted, when the frequency of the oscillating frequency of VCO circuit 122 and the clock SI 
has a difference, about 90 degrees realized by this embodiment of things for which an error will 
be integrated are avoided. Since the clock SI is only compared with the clock S2 produced by 
delaying this in DLL circuit 201, the addition of the above errors is not produced but there is an 
advantage of excelling in stability. 

[0044]Control of the phase offset by the difference of input load which had been produced when 
EXOR circuit 10a of the former [ about 90 degrees / section / 13 / of the phase detector circuit 
101 / EXOR ] adopted as a phase shifter was used about 90 more degrees, Being able to realize 
by a small transistor count as compared with EXOR circuit 10b by a compound gate, circuit 
structure does not increase. As compared with the charge pump circuit 1 1 which about 90 
degrees of phase detector circuits 100 need, the circuit structure of the current control is small, or 
even if the current control 14 of the phase detector circuit 101 is large, there are few about 90 
degrees of the differences. Phase offset can be controlled by composition produced by replacing 
about 90 degrees which constitutes after all about 90 degrees which is a DLL circuit of phase 
shifters of phase detector circuits [ about 90 degrees of] 100 in the phase detector circuit 101, 
without increasing circuit structure. 

r0045~l Drawmg 7 is a timing chart which shows transition of the clock S2 when the period of "H" 
of the clock SI is longer than the period of "L", and drawing 8 is a timing chart which shows 
transition of the clock S2 when the period of "H" of the clock SI is shorter than the period of 
"L." a figure — inside — a period — **-**— respectively — a clock ~ S ~ one — S — two ~ (— " 
__ h m - " -- L - " --) -- (-- " - H" -- " - H" -) -- (-- " -- L -- " ~ " -- H" --) - (-- " - L - " - " -- 
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L — " ~) — a value ~ taking — a period — being shown 

[0046]Since delay control signal S4 is controlled based on the clock SI and the exclusive OR of 
S2, when the sum total of period ** and period ** and the sum total of period ** and period ** 
become equal, the clock S2 is locked to the clock SI. And since the clock S2 is in 90 degrees to 
transition of the clock SI, each of period ** and ** is made into a phase, a 90-degree period is 
maintained, the sum total of period ** and period ** is made into a phase, and a 180-degree 
period is maintained. 

[0047]When the period of "H" of the clock SI is longer than the period of "L", a falling edge is 
located in the timing that only delta 2 is late, from the center beta of the period of "L" at the 
timing that only the center alphadeltal of the period of "H" of the clock SI of the rising edge of 
the clock S2 is early, respectively. When the period of "H" of the clock S 1 is shorter than the 
period of "L", As for the rising edge of the clock S2, only delta 3 is located in late timing from 
the center alpha of the period of "H" of the clock SI, and a falling edge is located in the timing 
that only delta 4 is early, from the center beta of the period of "L", respectively. That is, even if 
the duty of the clock SI is not 50%, the clock S2 changes by the same duty as the clock SI, and 
90-degree delay is performed. 

[0048]Embodiment 2. drawing 9 is a circuit diagram showing about 90 degrees which replaces 
and is used for the phase detector circuit 100 about 90 degrees shown in drawin g 1 8 among 
phase shifters about 90 degrees concerning the embodiment of the invention 2 of composition of 
the phase detector circuit 102. 

[0049]The phase detector circuit 102 is provided with about 90 degrees of followings. 
EXOR sections 13a and 13b. 
Current control 14a and 14b. 

Only when the clock SI and the exclusive OR of S2 are "H", it flows through the EXOR section 
13a, and only when the clock SI and the exclusive OR of S2 are "L", it flows through the EXOR 
section 13b. 

[0050]The EXOR section 13a is specifically provided with Pch transistor MP3 [ of the 
characteristic ] - MP6, Transistor MP3 and the sauce of MP5 are connected common to the drain 
of transistor MP0, and transistor MP3 and the drain of MP5 are connected to the sauce of 
transistor MP4 and MP6, respectively. The drains of transistor MP4 and MP6 are connected. 
That is, it is connected in parallel mutually and transistor MP3, the series connection body PI 
which MP4 constitutes, and the series connection body P2 which transistor MP5 and MP6 
constitute constitute the EXOR section 13 a. The series connection body N3 and N4 which were 
shown by Embodiment 1 are connected in parallel mutually, and the EXOR section 13b is 
constituted. 

[0051]In the gate of transistor MP6 and MN5, in common the clock SI, The clock S2 is given to 
transistor MP3 and the gate of MN6, and the inversion signal S2B is given to the gate of 
transistor MP4 and MN7 for the inversion signal SIB at the gate of transistor MP5 and MN8, 
respectively. 

[0052]The current control 14a comprises Pch transistor MP0, power- supply-potential V D is given 
to the sauce of transistor MP0, bias potential Vbp is given to a gate, respectively, and transistor 
MP3 and the sauce of MP 5 are connected to a drain in common. The current control 14b 
comprises Nch transistor MN9, the sauce of transistor MN9 is grounded, bias potential V B n is 
given to a gate, and the sauce of transistor MN6 and MN8 is connected to a drain in common. 
[0053]And UP / DOWN signal S3 is acquired from the node W to which the drain of transistor 
MP4, MP6, MN5, and MN7 is connected in common. 
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[0054]Here, UP / DOWN signal S3 which takes the mode of current to the low pass filter 2 like 
Embodiment 1 are outputted by giving bias potential Vbp and V B n, as current Ii passed in both 
transistor MPO and MN9. 

[0055]If the operation is explained, when the clock SI and S2 will take an equal logical value, 
the EXOR sections 13a and 13b will be turned off and turned on, respectively. Therefore, current 
Ii flows in as UP / DOWN signal S3 from the low pass filter 2. On the other hand, when taking 
the clock SI and the logical value from which S2 differs, the EXOR sections 13a and 13b will be 
turned on and turned off, respectively. Therefore, current Ii flows into the low pass filter 2 as UP 
/DOWN signal S3. 

[005 6] About 90 degrees which used about 90 degrees concerning Embodiment 2 of phase 
detector circuits 102 in a phase shifter. It adds to the effect at the time of adopting about 90 
degrees concerning Embodiment 1 of phase detector circuits 101, Since the Pch transistor 
constituted all the high potential sides from the point which takes out UP / DOWN signal S3, all 
the low potential sides were constituted from a Nch transistor and what is called CMOS structure 
is taken, circuit structure is further reducible. And in the phase detector circuit 101, the current 
which was flowing in between between power-supply-potential Vd and grounding is almost lost, 
and about 90 degrees of effects that power consumption can be reduced are also always added. 
[0057]Embodiment 3. drawing 10 is a circuit diagram showing about 90 degrees concerning the 
embodiment of the invention 3 of principal parts of a phase shifter. The composition of this 
embodiment is obtained by adding the offset cancel circuit 3 to the composition shown by 
Embodiment 1 . 

[0058]The offset cancel circuit 3 generates the offset cancellation signal S5 based on delay 
control signal S4 obtained from the low pass filter 2. The offset cancellation signal S5 adjusts the 
value of the resistance R3 which the delay control circuit 50 of the delay stage 5 has. 
[0059]The node K to which about 90 degrees of drains of transistor MP1, MN1, MN3, and 
MN10 were connected in common in the phase detector circuit 101 when a phase locked to the 
clock SI in the clock S2 (namely, when a balance is reached). Potential must be almost equal by 
the node L to which the drain of transistor MP2, MN5, MN7, and MN1 1 was connected in 
common. 

[0060]However, when there is a difference slightly with temperature etc., since the potential of 
the drain of transistor MN10 and MN1 1 differs, few differences will arise on the current which 
both transistors send. As a result, the mirror efficiency of the current mirror circuit which 
comprises transistor MN10 and MN1 1 may fall, and the delay value of the delay stage 5 may 
reach a balance with a certain amount of phase offset from 90 degrees. And since the balance 
was reached, while the potential of the nodes K and L carried out neither a rise nor descent but 
phase offset had been maintained, about 90 degrees of the phase detector circuits 101 will 
continue operating. 

[0061]The offset cancel circuit 3 is formed in order to delay 90 degrees of phases much more 
correctly. In the offset cancel circuit 3, the resistance R2 receives delay control signal S4 in the 
one end, and, as for the other end, one end of capacitor CP2 and the plus input end of the 
differential amplifier 30 are connected in the node C. The other end of capacitor CP2 is 
grounded. In the node D, the drain of transistor MP21 and MN20 is connected to the negative 
input terminal of the differential amplifier 30 in common, and an outgoing end outputs the offset 
cancellation signal S5. Power-supply-potential V D is given to the sauce of transistor MP21, and 
the sauce of transistor MN20 is grounded. The gate and drain of transistor MN20 are connected 
in common, and bias potential V B p is given to the gate of transistor MP21 . The characteristic of 
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transistor MP21 and MN20 is arranged identically to transistor MP1 and MN10 here, 
respectively, and transistor MP21 and MN20 are provided as a straw man, if transistor MP1 of 
the phase detector circuit 101 and MN10 say about 90 degrees. 

[0062]The differential amplifier 30 receives the potential of the node L in the node C indirectly, 
and compares it with the potential of the node D. Since it is thought that the potential of the node 
D is equal to the potential of the node K, the offset cancellation signal S5 can adjust the value of 
the resistance R3 so that the potential difference of the nodes K and L may be canceled. 
[0063 ]The potential of the node L is transmitted to the node C via two low pass filters with low 
pass filter 2b which comprises the low pass filter 2, and the resistance R2 and CP2. The low pass 
filter 2 equalizes the quantity of the electric charge which flows through the node L by capacitor 
CP1, and generates delay control signal S4 which is a direct-current voltage signal by that cause. 
After the delay stage 5 is controlled by this signal S4, a new equilibrium situation arises and the 
potential of the node L also changes in connection with it. By making the damping time constant 
of low pass filter 2b here larger than the damping time constant of the low pass filter 2 by setting 
up the value of capacitor CP2 more greatly than the value of capacitor CP1 . Change of the 
potential of the node C which is an output of low pass filter 2b can be made slower than change 
of the potential of the node L which is an input of the low pass filter 2. The differential amplifier 
30 controlling the resistance of the resistance R3 slowly, and maintaining an equilibrium 
situation mostly, once delay is controlled by taking such composition. The gate potential (that is, 
potential of the outgoing end of the low pass filter 2) of transistor MN12 can become equal to the 
potential of the node D. 

[0064]Incidentally, since transistor MP21 and MN20 work as a straw man of transistor MP1 and 
MN10, As the signal from the node L passed two low pass filters and has resulted in the node C, 
concern whether 2 sets of low pass filters are necessities may arise in the node D. However, 
since it becomes the value with same current which flows into the low pass filter 2 and current 
flowing out from the node L when it is in an equilibrium situation, it can be said that it is in the 
state where it sees on the average in the gate of transistor MN12, and current does not flow with 
the function of the low pass filter 2. That is, the voltage drop by current flowing also into the 
resistance R2 connected to the node C is not produced. On the other hand, since the node D is 
connected to a negative input terminal with a high input impedance called the differential 
amplifier 30, current does not flow. Therefore, it is not necessary to provide 2 sets of low pass 
filters to the node D. 

[0065] Drawing 1 1 is a circuit diagram which illustrates the composition of the resistance R3. 
The resistance R3 is constituted by the fixed resistance R4 and the series connection of Nch 
transistor MN16. The offset correction signal S5 is given to the gate potential of transistor 
MN16, and the ON resistance of transistor MN16 is changed. 

[0066]As mentioned above, since feedback which controls the current which detects the potential 
difference of the nodes K and L by the nodes C and D indirectly, and transistor MN12 sends 
based on the potential difference by this embodiment is performed, At the time of a lock, the 
potential of the node L can be mostly coincided with the potential of the node K, and the 
problem of phase offset can be solved. 

[0067]Embodiment 4. drawing 12 is a circuit diagram showing about 90 degrees which replaces 
and is used for the phase detector circuit 100 about 90 degrees shown in drawing 18 among 
phase shifters about 90 degrees concerning the embodiment of the invention 4 of composition of 
the phase detector circuit 103. The phase detector circuit 103 has about 90 degrees of 
composition which replaced the current control [ in / about 90 degrees / the phase detector circuit 
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101 ] 14 shown in Embodiment 1 by the current control 15. 

[0068]The current control 15 is provided with two Nch transistor MN14 and the composition 
which added 15 to the current control 14. Specifically in the node E, the drain of transistor MP1 
and the drain of transistor MN14 are connected for the drain of transistor MN10, the sauce of 
transistor MN14, and a backgate in the node A, respectively. In the node F, the drain of MP2 and 
the drain of transistor MN15 are connected for the drain of transistor MN1 1, the sauce of 
transistor MN15, and a backgate in the node B, respectively. The EXOR section 13 is connected 
to the nodes E and F. That is, transistor MP2 as one current source and MN15 can be grasped for 
transistor MP1 and MN14 as other one current source, respectively. 

[0069]In such composition, the potential difference between the node E and the node F can be 
suppressed as follows by giving bias potential Vbn2 common to the gate of transistor MN14 and 



[0070]Each potential of the node A, the node B, the node E, and the node F is set to Va, Vb, Ve, 
and Vf, respectively. While the circuit of drawing 1 2 is operating, the current which always goes 
to a ground via any one of the four series connection bodies N1-N4 which constitute the EXOR 
section 13 is flowing, and the values of the current in the node E and the node F differ 
momentarily. However, when it sees on the average, if it is in an equilibrium situation, it can be 
said that the current which flows towards the EXOR section 13 also from the node F becomes 
the same value also from the node E. Although the current which flows into the low pass filter 2 
is also one of an inflow and the outflows from the node B momentarily, current will not flow into 
the low pass filter 2 on the average. 

[0071]Then, the current which flows into transistor MN14 and MN15 will be averaged, and will 
be equal. This current is made into V. Therefore, several 1 and several 2 are realized (for 
example, "analogue integrated circuit engineering (second edition) upper written by gray & 
Maier" Baifukan, p. 62 reference). 
[0072] 
[Equation 1] 

[0 > = JL.W (VBN2-Ve-VTH} 2 ( l + ^(Va-Ve)) 
2 L 

[0073] 
[Equation 2] 

Io > = JL ^ (VBN2-Vi-VTll) 2 ( H-^(Vb-Vl)) 
2 L 

[0074]However, k shows the product of gate capacitance and the mobility of an electric charge, 
as for W and L, the gate width of a transistor, gate length, and Vth show the threshold voltage of 
a transistor, and lambda shows the short channel effect, respectively. Since the sauce and 
backgate potential of transistor MN14 and MN15 are equal, the difference of the threshold by the 
substrate effect of the transistors MN14 and MN15 has been disregarded. 
[0075]Several 1 and several 2 are rewritten as Vf=V e +deltaV ef and V b =V a +deltaVab, [0076] 
[Equation 3] 



MN15. 




[0077] 
[Equation 4] 
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l0 ' = JL W. (VBN2-Ve-VTH- 5Vef) 2 ( 1+X ( Va - Ve - 3 Vet + 5 Vab) ) 
2 L 

[0078]******. The following expressions of relations are called for by taking further several 3 
and several 4 difference, and disregarding the product of deltaV a b and deltaV e f, or the paragraph 
of each square. 
[0079] 
[Equation 5] 

dVef k (VBN2-Ve-VTH) 

<5Vab "~ 2(l + >l{Va-Ve)) + ;(VBN2-Ve-VTH) 

[0080]According to the above-mentioned literature, since lambda usually has a value of 0.03 - 
0.005V" 1 , several 5 value turns into 1/100 or less value. 

[0081]Even if this node B to which the phase detector circuit 103 reaches an equilibrium 
situation, and outputs about 90 degrees of UP / DOWN signals S3 from the above thing differs 
from potential of the node A used as it and a pair, Between the node E which is a drain part of 
transistor MN10 which constitutes a current mirror, and MN1 1, and the node F, it turns out that 
there can almost be no potential difference. Therefore, current which flows through both 
transistors can be coincided and about 90 degrees of offset of the phase detector circuit 103 can 
be controlled. 

[0082]Embodiment 5. drawing 13 is a circuit diagram showing about 90 degrees which replaces 
and is used for the phase detector circuit 100 about 90 degrees shown in drawing 1 8 among 
phase shifters about 90 degrees concerning the embodiment of the invention 5 of composition of 
the phase detector circuit 104. The phase detector circuit 103 has about 90 degrees of 
composition which replaced the current control [ in / about 90 degrees / the phase detector circuit 
103 ] 15 shown in Embodiment 4 by the current control 16. 

[0083]The current control 16 is provided with composition which added two Pch transistorMP9 
and MP 10 to the current control 15. Specifically in the node G, a drain of transistor MP9 and a 
drain of transistor MN14 are connected for sauce and a backgate of drain [ of transistor MP1 ], 
and transistor MP9 in the node A, respectively. In the node H, a drain of MP 10 and a drain of 
transistor MN15 are connected for sauce and a backgate of drain [ of transistor MP2 ], and 
transistor MP 10 in the node B, respectively. That is, transistor MP2 as one current source, MP 10, 
and MN15 can be grasped for transistor MP1, MP9, and MN14 as other one current source, 
respectively. 

[0084]In such composition, bias potential V B p2 is given common to a gate of transistor MP9 and 
MP 10. In the current control 15 shown in Embodiment 4, when potential difference is between 
the node A and the node B, a difference will also produce a little current which flows through 
transistor MP1 and MP2 by the difference in drain voltage. However, since potential difference 
between the node G of the current control 16 and the node H can be controlled by inserting 
transistor MP9 and MP 10 by the principle same in this embodiment as Embodiment 4, a still 
highly precise offset cancel effect is realizable. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a circuit diagram showing the composition of the embodiment of the invention 
1. 
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[Drawing 2] It is a circuit diagram showing operation of the embodiment of the invention 1 . 
[Drawing 3] It is a circuit diagram showing operation of the embodiment of the invention 1 . 
[Drawing 4~j lt is a timing chart which shows operation of the embodiment of the invention 1 . 
[Drawing 5] It is a circuit diagram showing the composition of the embodiment of the invention 
1. 

[Drawing 6] It is a circuit diagram showing the composition of the embodiment of the invention 
1. 

[Drawing 7~j lt is a timing chart which shows operation of the embodiment of the invention 1 . 
[Drawing 8] It is a timing chart which shows operation of the embodiment of the invention 1 . 
[Drawing 9jlt is a circuit diagram showing the composition of the embodiment of the invention 
2. 

[Drawing 10] It is a circuit diagram showing the composition of the embodiment of the invention 
3. 

[Drawing ll] It is a circuit diagram showing the composition of the embodiment of the invention 
3. 

[Drawing 12] It is a circuit diagram showing the composition of the embodiment of the invention 
4. 

[Draw ing 1 3 jit is a circuit diagram showing the composition of the embodiment of the invention 
5. 

[Drawing 14] It is a timing chart which shows a Prior art. 
[ Drawing 15] It is a timing chart which shows a Prior art. 
[Drawing 16] It is a circuit diagram showing a Prior art. 
[Drawing 17] It is a circuit diagram showing a Prior art. 
[Drawing 18] It is a circuit diagram showing a Prior art. 
[Drawing 19] It is a circuit diagram showing a Prior art. 
[ Drawing 20 ]It is a circuit diagram showing a Prior art. 
[Description of Notations] 

A,B,E, F,G,H, and K,L,W Node, Ii, I 0 , and I 0 ' current, 2 2b A low pass filter, 13 and 13a, the 13b 
EXOR section, 14-16, 14a, and 14b Current control and 5 The delay stage and 30 Differential 
amplifier, 50 A delay control circuit, 51 delay buffer parts, SI, and S2 Clock, S3 UP / DOWN 
signal, and S4 [ A switch and Dl / A diode, Vbn, Vbn2, Vbp, Vbp2 bias potential. ] A delay 
control signal, and R1-R3 Resistance, and CP0-CP2 A capacitor and SW 



[Translation done.] 



Page 29 of 29 



(i9)H^m#frjt (jp) 02) Q H ^ §^ ^ $jf (a) aimnmm'&m&t 

#$12000 -36729 









(P2000-36729A) 








(43) £t US B ¥JE£12*E 2 jj 2 U (2000. 2. 2) 


(51) Int CI 7 




F I 




H 0 3 K 5/15 




H 0 3 K 


5/15 B 


5/13 






5/13 


H03L 7/06 




HO 3L 


7/06 Z 










(21) fflMS^ 


#0^10-325092 


(71) tHISA 


000006013 










(22)£l|g!B 


¥^10^11^16 3 (1998. 11. 16) 










(72) ^1 






WH^IO- 132115 






(32)£5teB 


¥^10^p 5 n 14 B (1998. b. 14) 






(33)M5teffcfc®« 


(J P) 




*# 






















(74)f^lA 


100089233 








#JS± «ffl flE« W2£) 











(54) [&gU©£*] 90° miis73r 



(57) [gift] 

[*»S#a] N^yy'X^MPl, MP2 (i^-tL^tL 
0, MN 1 lii^ifvrfiy — KK, L^^S^t^Ll-* 

?n-y?si, S2 cDfflfimwsmmtf " h " co t § 

-/-KKj&»6*a£li*9l&&<. — :*\ ttM»^#=N 
3 , N 4 OM?iJ«M«i . ^07?S1, S 2 Ogftfiftlfc 

"l" cot FL^tSS 1 1 Sr^lSfe 

#:Nl~N4t±?n-y?S 1 , S 2%Xf ; ttlt>(0%M$M 
?S1B, S2B^h7yy*X^MNl-MN8W^f 



......A 



VBIi-|p^ 




(2)HH2000-36729 (P2000-36729A) 



:imm i ] mi Rt/m 2j~vt. 
mmm 1 y- k (c» 1 s * 1 vses t , 

miem2 y- Ktiwe* 1 «3E£tt&4-&&2«aHB 

msssi s-vipt>nmimz»<ftsiimb* msss 

t co^mi em i y - k 6* 2 mst^g i s 4k < *i aw)- 
tfriam i suss 2 m^Pfl&tt£&g*i#ffiiE& 1 mat 

H3r & 31 2 ffeH £ S & ^ Ml EH 2 y - H ip L> m 

ae»2«t*gisa<*2»4i-t*^T**2«a»!i«r 

0B&k. 

MtBS?2 y- KtSBK^iifcfft 1 n-'U7 4 ;l^y k , 
£ SEM Sr KJT M lem 1 M# It S IuIBSI 2 fi# 

£jB:*rr43E£»fc£fli;i4 9(r im^??* 
[ 2 ] Miam i n-; 7 -r ;p y \±mm, 2 y 
- v^mmztifzm 1 sk , tuiam i n-;u7 * 

mmttccomm 1 « bffige § wt» 1 s t , * 2 j§ k 

mriEffifiL^ mi em 2 si test* § tutus 1 s t , ftrtem 1 
a yf y^« miem 2 s izmmz ti^m 2 m t l , 

[ If ^il 3] Mie^ln-y^7^;t-^i±nflBH2n 

(CftxS,. lt*JM2lE«W9 o° fifflyyy. 
[»*3S4] MfBmia-y^:7^/kyoMIEft;>j« 
te^A^ff^k^&IEAylSk, ftATJffik. Miami 

mrtam 1 m^MRVmi^ i/ybs y-mff^ffriam 1 
im t mm&mm zmm l , ffiEnttjmtg^totffiEM a 
#«fc»8RS*u MiBmiy-Kt^jE-rsys-y- 
1***^5 -at fc*^*3r7-fc«y h** spurns 
fcMcfltes. if*JSHEao9o° im^-yy. 
:m^m5] mm*y-t-y h*^>-tju®m±. mm 

m 1 n-;U7 < ;l^y k mrlEM»mi@^^lulEIEA±iS 
kolBIfctMfSfu mrlElgln-y^x^^^yiD^Bt 

lS4lEtfe^9 0* fiffiy7?„ 
[ Mf&B 6 ] MfESS 1 VSHRtt F W y k . WfESS 1 

m 1 TX#iffijQ§ti£ y- h SvTTSm 1 F?y 

^"xyk. 



y-^fc, Miami h^y^xyomriEFW yfcssa 

mm 2 mmuti vi^ot, mmm 2 y - k tzgmiz 
mwtztitz v-xrw < >y?y-ht. mmm uur 
x&maZtL&y—hb&ltt&&i hyy'Jxfb. 
tuiam 1 mmMco mriam 2 o h 9 y i?x y omib v 
b mwt^titz v-xb. mm 2 mmm^mim 1 h y 

yisxfcomEFUJ yizimztitzFi/J >b. lulE 
n 2 A-f rx**Ep3nis ^xs y- b k *^rf s is 2 h v v 

: JX?b£ffittz. If*IBlia«09 0° fif|y7?„ 

[ msm 7 ] Hnen 1 mmmmim 1 «fiis^iuia 
mi h^y^xfcomMFUJ ylzWMZtitzYVJ y 
k , Mian 1 mriam 2 b 7 y j^'x y ^mib h u 
>f y tc^ji Lxmmztitz v -x&w < >x ^ y- h k , 
n 3 tx^epjds ft* y- h k is 3 h 5 y 

Kriam 2 mMiiiituiam 2 tt^ji^mtEis 1 h y y y x 
y <o fria h y a y izmm ^iifzYv^yb, Miam 2 « 
rniam 2 h y y y x y co mf IB H v A y iz^m L x 
mm § fut y-xsyv s- . y y- h t , ttriam 3 y yf r 
x^Epsn§n^y-bkSr*-ri.m3 b^yyy^^i 

H2«^k. 

tu^y-Kk, 

miam 1 «^«k BrriEtH^y- f b&mizmnbti. m 
1 s.vb 2 m^wmmmammtfim 1 t^n^»i>«^^ 
w^ii-r^mixw -/f-k, 
mism 2 mtiiS t luiatti* y - k k cDrai^fstt u 
tarn 1 Rt/m 2 im^mmmmmmtmum lmmtm 

k. 

luiamTj y - f t;f#ic $ tLfcn-y u7^/^t, 

|f)IBn?-yN°X7 ^ ;l^y <?D{tJ^j«fit «fc -oXWV^titM 

Mi am ny? f {±mriam 1 msts k itriaai^i y - h k 

miSm 2 x A v f (imrlBIS 2 «gL}® k luiam* y - H b 

comzm^zmHzmm^ii.tim 1 at«S2B5(«8K* 

KriBm ixy 7 f-o mriEm 1 it:^ijtg«c*ii . mmm 1 fi 
#3& f tffiess lmmzmi m^zm-wr h m 1 >• y y y*x 
y t , mriEm 2 ft^fflnam 2 1*9$ s*#£*an5i'*- 
§^2 h^yy"xyk^ii?!i»M^^o. 

MIEm 1x^7 f OMIEm 2 m$mWM± , MIEm 1 ft 

y t , mtm 2 fi^mnam 1 t^ii^s^±ft-^^«a-r 



(3)BH2000-36729 (P2000-36729A) 



mum 2x4 y j-cmmzm 1 itMssRf^ ^ . msse i ft 

9 h , Miam 2 e#3&*iwE» i wa*»*«^t^P»r 

mrtem 2x4 y^-ammm 2 a»M*« . mnm 1 ft 

9 1 , mriem 2 mntfimim 2 mmzmh^izmmt 
hm2Y?>i;x9b<DmmmfrhWL%>. 90° <m 

1/79. 
[00 0 1 ] 

a truasHS-^oafliiiR^a v t * - * crmmn^ t* 
co\Hmx\ xj]Ztifzimzz<vmm<7)i/4, max. 

L*C 9 0 ° 03BSfc*4J:^t:ai^&3BSIlI» (*■ 
•Ci±. iix^9 0° ffiffij^^fcofti;) taw*. 

[00 02] 

s 6 cowmcomm . im t m 1 9 a s >• & ? 

-5 ^rx-^ n-y ? s 1 SSJfSfiFtfci 

a@S&tfc^T, ^o.y^S l<0ft^±^9i£Jiftfe 
T* 4 0 coa# £ ffl V r - ? S 6 £ 7 •/ f - L , 
i«4 & X'li.9v v9Sl tfim&t&mMtT 1 —? S 6 

"C**:^. ^T'f-^S6CifU?n7^Sl(?)fi 

[00 03] 01 5(i, ?n-y ? S \<7>W&th94 5 
S 6 coM^-tZ. 9 A S f^tJf l/Cffiffitc 
LT90" fWfc^-fSy/fi—h-Cib*. i»± 

TtfK)C09A $.>9£>\ f—9S6coTA^9—ycO^ 

[0004] Ell 6ti. f-^S6M?07;S 1 £ 
A^-f &f--y79 K0A7M >97 x—XCDfflWi^-t 

f779 liWItcOteiiBl 1 0a, 11 Ob^felL 
T „ f 779 1 |*Jg|5c7VN°>y FHfiEl 11a. 111b £ 

fiifiVN*77rl 12a s H2btJ:oTA' 
77r'J y/S^S. n 7?Sl^90" ftffl 

y7^200(: < fc')t90 o ^ffl3*U ^n^S2^ 

[0 0 0 5] 7>y^-HI{&l 1 3 a. 1 1 3 bCDWffKT) 
A#»D t^-.y 7t 'J S 6^ 

H-z.L>tl, \,^-fttcr>9uv9 AttfffiTiZ i>9u«/9 S2 
£>ft&. tzfzL. 7 7fS«l 1 3al^D7? 
S2c0i*>±^'DB#tf : '-^S6^7-y^-t. 7 7f0 



S&l 1 3b{i?ny/?S2<7)i£^T:£ i '9Bftx-^S6 
£5«y^-rS. 

[0006] 117ft 9 0" ftffli-7^2 0 OiOlfjjSc 
frff^TiHIBHTft*. 9 0° fiffiy7^200(iP 
L L ( Phase-Locked Loop ) W12 0 RXfMW® 5 £ 
mtX^^. PLLHIffil 2 OtiVCOHIS&l 2 2. ft 
fflJ£JRK12 1, n— ^.X^-fA^tflte-CVvS. Z 
(7) P L L 0SS 1 2 Otci; D . #H3fI^"S 7 tftffi^n -y 
? S*ut<I#S 9 tf!km%ti& . r^iHcn-;^;? * 
2 3^A,#A>n« aSBHHH3# s 4 SrSSffig 5 cojBffi 
iWftcSfflt, a' 7 7t1 l 2b(:j;otA'777 l Jy 
y-Ztlfr? o y;si {43iaEK5 T9 0 ° MtLTtiiTJ^ 
n7?S2J:M. 

[0007] 90° fiffl^7^2 0 0T'lt PLL0S& 
12 0 *«n y ^^"4 i; * HVC O 0S& 1 2 2 T<7)MM 

t>\ mmm^s 7 common ±o (umztx 1 

8 0° ) VCOHff&l 2 2P ( lgP<7)VS'.y7' 

r 4 O^i: n — ^ 7 ^ 2 *^<?)SEtlsltfffI-^- S 4 
fc^'f&gS:*!!. . f Ltil?S»A'7 7 r 4 frt?c0— M 

wajjifiEnrnKL-zmfflkw* v y r a cn—n<nx-n 

ttitvcoWi2 2 (i?S>S LTJljiL. #SHfi# 

s 7 tmt mm, tastrn -y ^ l sgjtii.it 

[0008] #HSft^-S 7iLT^a7^Sl 

^»fflL. 3BSS53&«VCO|lI»12 2*»jRLT^4 
F*I^ ^7774 COWLCO^fiCn) N* -y 7 T 4 ^ ffl X h - t 

i o » ?n7?si ^MtTjtmio i /4«ft-mLfcM 

3ffiES5"C*t«3fflSi» PLLE»120ittay?L 
T ^ 5 RB 0 7D*7^f«l^fr(;ftWffiffi[; t 
T9 0° t^SSix-^. 

[0009] 

0»fcli=PSjefl:«l8WK' , v c o jftSifi^Sr i t t>£ 

[0 0 1 0] 3&>3b»4BISI*J|fiBLJ:'3i:L'Cs PLL@ 
HI 2 0*ffl^-ffc9 0* <^gfcfH*ffaS»t)lBISS*i 
T^S. Hll 8(iEll 6m^9 0 s fify7^2 0 

0 tBa§tlTffiffl$#lS9 0' fiffly7?2 0 1»l 
J££^-T£@KEIT#>!» 0 90° fiffly7^201<7) 
flURti, 9 0" (My7^2 0 0O«^VC0M 

1 2 2 * (fc*U ftfflltKH 12 1^90° ftffi^m0 
RlOOtBIIift^tLT^S. OSO, 9 0 
° fifly7^2 0 lliDLL (Delay-Locked Loop) [1] 

[ooii]iai9(i;9o o immmmm 1 o o^«^ 

SrM^-ri. 0SS0T'3!) 90* ftffl^t±JHIS# lOOli 
EXORHB1 Oafc-*-*— a^KJ^HKl 1 t §r«X. 
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EXORHIIglOaCioTfl^iX^ yc?y 

;si, s 2<7D#flSWittBftiii, ■?■<*— s^y-miB 1 

^ftSftS. U P/D OWNfflf S 3 *Mt4fc» 
[0 0 12] UP/DOWNff-f-S 3fi:n-ys°yy <)V 

fth. ZcDWWM$m^S4i / zi.->X, ^n^Sli> 
^07?S2 £#&^jIffitMLT y <r - FA . y y 

swifts*. 

[0 0 13] L*»LEXO REIKI OatTJi, yn-y? 

s Ii>'h5yx7r- y— h*fc(iNOTHlffi&iljfiL 

T^-y'^riUBl lfcS4tf)fc**U ^D.y^S 
2lif7>'X7r-y-lC f )ON/OFFjlll,y-h 
t^-S.^lt^TCO'T-. ?07/Sl, S2l±EXORH| 
Bl 0 artT'M&§A^ft?^lrS^I>^ tt^&o <I<7D 

[0 0 14] ifi^fS&f &7t#>, H2 0WJ:afcaME 

§fL^EXOR0if&l Ob^EXORH^l 0 aCOftfe 
9 S Zti>%tt>ti&. i WHMcTtt? a >y y 
s l , s 2 idtf-f * Aaftffif **W L < * & # , *£■ f~ 

*) . mmm&k k ^ a mmtftk tx Ltd, 
[ooi5] ^m^±m^m^mmthfzib^j: 
ztiiziicox. mwM&cvw%ft9o* efflyyy£# 

mmmz^^x <7>MM&t¥$! l z Ltdmisy y £#s 

SWk LT^S. 
[0016] 

- HtH i «Stt*lfrt«Ss i taate . fafESS2 y- 
h zfflRtu i «»*ffi»^-4 n 2 mmm t . friem 1 y 

6«a[*§i*ft<iS2a»t**tf^i^^hS9-iiFB 
k sw^sss i h^jispiiib k . st i Rtfss 2 
ffiwi&afn^ 1 trass* ^^oairieffi 1 y- r 
ipt>m2*m&\i*&<mim#k* mmmiRxsm2 
imnmmmmmimim immt m% h m 2 ura^ 

ft<H2 g&a-t z^-t&m 2 nmiwmzt , mieu 2 

y— H fcS§«S;h.fcS5 1 n-;N°xy * /ky k , WIBSS 1 

zaxmum i m^mm^xmm2m^mti't 
o* \m^y^xhh. 



[0 0 17] £<9SWHtf>3fc, it$Pl2fcj&»J&»4 

ia . itass i lEts^ 9 o • ffiffl y y y t , mes? 

1 n-y y * )V9 (± h?I am 2 y - H § ft*: AS 1 

. mm i o-;u7 * ;i^^«i9Eaj^«ffi6*»^ 
mmztifzmiffit. m2mt&&t&fisi3*?y? 

fc, ISMffi<OlSf8e«52«t«8ttS*ut*lSfc, Mia 
ill ayf i 'y^|f)iam2^ctgM$nfclg2Si: 

[0 0 18] Z\<r)WR<?)0%, H*^3t3&>3&»ftfc<?5 

ii. it*ifl2iatKo9 0° \m^?9xh-ox. mwm 

1 n-ys°y y * /ky(i:|frlBm2 n >"r>^*#Ji4t^S 
[0 0 19] Z^m<T)dib. i$fl4K!d*|.t<?) 

»^iiietto9 0° fiffly?^!)^, Miem 
tuiE^ u y h s 5 -ms§ot«iEm i m§ t mm ftmrnz 

lem 1 y - H tzMJfc-t ^ 5 HW fc 

[0 0 2 0] ^^BJ!(7)d*>. ll*H5t:^4tO 

J±, ff*iS4lBtto9 0° fifflyyy-c*^TMIB^y 
•fe v h * -y y-feA'EHHHi . mtsm 1d-;U7^^{: 
IfjIE^WjiiffiH^lulBiEA^iMi; «^c^#$^L. mflB 
m l n— v n°x y jiv? i. D t> b# 5£^#'A# ^2n-y n° 
X7 ^jvy^mz^h. 

[002 1 ] C\<7)mi<?>0t>. m$$%6lZfrfy%> i><V 

J±, ff^H l IBtto 9 0 " efflyyy-eS^T, MIEm 
ll:^iii±K^^ yt, lulBmi y-Kte&SlfcS8RS 
y y- h t . ii rx^enin$ 

mism i h y y ^"y y «o lulB fuj y tsstt $ *ufe h u 
-f y t . m 2 r x^epjd$ s y- h t h m 

2 h^yy'yykSrffii., frfBH2®jiiM«ii : i-'^ y 
k , mrian 2 y- h fc^aitSBttSiiX: v -y&t>y -y 
y y- h k . ffiriEm i >u Txtfimuztiz ?- v t * 
tmH7yyy^t, ttriEffi 1 m^^KiiEffi 2 
coh^yyyy^HfrlBy— y.kffig!Six^y-yk, fr 
IE»2«aaB^>i9ismi b^yy'yyotirlBK^-f 
SaiSiTJt Hy-f yk . fu!ES?2 ;M T^WmaZtih 
y-*-hkSr*-r-s»H2 byyyyyk^fii.^. 

[0022] ^col&qi^^y 1**^7 tc*^4i> CO 
ii. 11*116 ie«o9 o' {affiyyy-c-fc^T. ffrfES? 
1 *i?IMiiMIEm 1 m^coMEU i h 9 y y'x y onr 
lEb'y-f y ttiStStL^ hw y k , mriaig 1 vssxa 
KrlEB 2 h ? y yy y coKrlE h w y tc^jfi lt«m§ 
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iltz V ~XRW^ y?¥-hb. m 3 >U r^^EPJP^ 

tiz>y-ht £^z>m3 h^yy'x^^scii., mr 
lam 2 m^isiiiuiem 2 m^iio Miam u^y^^ 

OwiM H W yizmmn tttzVVAyb, Ml BS? 2 m% 

m<D m t am 2 b ? y vx ? <nm ia h v a y \z l t t# 
m$ v-xrw * v7-y-hk, mam 3 ; m 
* jn $ n h y— v t & *-r s m 3 b ? > a x ? it mz 

[0 0 2 3] ^cr>^mcr>o%. ff*lf 8 tC^S t O 

mm^t. s?2m»y^ m^y-vt. Mia 
is 1 flESESBfc ffjiem^y- h t on^i&Jt^ is 1 r 
tsm 2 imnfflimmwmfim 1 mm* m% m&izcox. 
wm^&mixA -yf-t, Huism2m^iB^tffiatti^y 
—Hi: wiafcRtt swam 1 aim 2 firewsMsw 

^mm-t&m2xA y^t. mmtts-\*&mzti 

tzn—J-$X7j}V9b. MfEn— ;\ 0 xy -i)V-9<n\&Tm> 

mzi. ^xfflmzft&mmA&mxmm 1 fi-f-£s® 

fify7^t*ot, Iffiam U^yf U Miem 1 

mbmzftjjs-vb&mzKwzmHzmmztitzm 

*2«aaBfciaieaj^jy- h fc«iat=s:^fc^fc«BR 

^-comam 1 fi?"jssc*(4, Mten 1 m*§rtfmsm 1 n 
«*s**£*3isfrr4S[i Mian 2 

fit-f-^Miais 2 ifta* sis 2 h 5 y ^* 

X?i: WtfWHSIfc&^jatD . MtBIS 1 XA -y^-cOBUlB® 

2H?ij®^*ii. Mian 1 ft^'Miam2ma^ss« 

h^y^'x^i:. fufEIS 2 fistula 
SfliWil^tR**#tc«B^-«iS2 H^y^x^t^fc 
5>HSK3b»tjSO, MIESfl2x^ yf-<oflffiB»iiB#ISSi( 

flea, Miam 1 1 wat»«*^t^i»f- 

sin^yyx^t, B«lBIS2fi^t«lBmifiSraS: 

j& 0 s Miam 2x^7 -^comibis 2 wmmmt , Mia 
as 1 m^rtfmsm 2 i*a!£$s«#fc3i3ft-&$ 1 h 5 
y syx * h s mibis 2 ft-f-^' Miam 2 inm*&&Mfe£. 
mtt&m2h?yiSx9b0)Wffl8ftfrt>&&. 90 

[00 24] 

mwcommcomm] mmcommi. mn±^3%mcom 
mcowm 1 9 0 0 imyy ycvd-h. mist; 
^^9 0° ffiffi«kmiiiBioofc:asiU'rfflv^fL 

^90" SffltfttfilllK 1 0 1 tfSfftSfcjjrf-BHErc* 

4. 

[0 0 2 5] 9 0' fiHWttfiEBl 0KJ, EXORgP 
1 3fc*8BW«»14fc*«;l*CV>4. EXORg|3 13 
(iS^^IM^'tt^Nc h h^yyX^MN 1-MN8 
Nchh7yy'X^MN9i;T«$tlT^I»„ £ 



?MP1, MP2S.f f SVH;|«l#tt^Nch h7yyX 
^MN lOtMNll TISfiSc^ixT^So 
[0026] EXORg|51 3ti3V»T, hyy-JxyM 
Nl, MN30h'l/-{y|3l±^ h7yy'X^MN5, 

mn7wfw >m±$K ^rtt^ti^mizmm^tix v » 

So £fzh : 7> i JX?MNlCOV—Xth7>> ; X?M 
N h7yy'X^MN3W- Xi; 

4. tit>7yy^^MN50y-XJ:h7yyX^M 
N6«Fl/^y^ b7^^MN7f)y- Xi: H^ 
yy^^MN8^Ki/>f -en-rnScM^^iTv* 

So f LTh7yyX^MN2, MN4, MN6, MN 

8<0V— xii^lLTjfSK^fL-CV^. ?n7^sia 
h7yy"X^MNl, MNS^^'-bt;. ^<7)WM\t*% 
SlB(±b7yy'X^MN3, MN7^-H:, 
•y^S2{±b^yiy'X^MN4, MN6«y-hfc. ^ 
<7)RlKfI-^S2B(ib7>-i ; X^MN2, MN8^7"'- 
btc. ^fL^ix^-i-^aT^So h7yy'X^MN9« 
VUA >l±h7>i/X7MN2, MN4, M N 6 , MN 
8^Y-X^aWtic§*-U F7yyX^MN9W 
— Xi±ffl&£tLX\>i& „ 4f;t^7 yyX^MN9«y- 

[0 0 2 7] «aEW»SB14ttSV^T, b^y^X^M 

pi, mp 2coy-xt:i±^aL , r«i!g«fiv D ^\ y 

So f7yy^^MN10, MN 1 l«V-Xli*IL 
TgifiStLT^So f7yy'X^MP l<7)FP-<yiih 
7yyX^MNl 0 <0 h'p- AVRU-Y— hb Sfc. y— 
HKtt>^T h^yfy'X^MN 1 , MN3»h*Hyt 

4tatt#MStiT v ^s o i at i- 5 y y'x fMP2(?)Ku 
-< y{±H5yyy^MN i lsoHi^-f yfcftt;. y— H 

LtfcUtb^yyXj'MN 5 , MN7WKW y(:* 

atctiMS ixT ^ s o y— hl tstx/sffi^ft ws t 

LTUP/DOWNfl-f-S 3^W^fLSo 
[0028] EXORg|51 3tfc^T, ?Dv?Sl, 

s 2^'|s]ti^afflSr$iis*i^:(ib7yy'y^MN 1 , 
MN 2tmf&t&WMW&flW 1 TliMix^ 1 — 73^0 H 5 
yyx^'OFFts. iHiwtLTh^yyy^MN 

3 , M N 4 j&MtKW- £ HMffiMflt N 2 T t> KtUP-^ 05 

h 5 y ^'x ^oFFn. t-^t, aMi^N 1 , 
-77. hyy^'yyMN5, MN6^«^sie?[j^ 

ftN3T1i, 7U-y? SI, S2*>l(:High^ 

tb^yy'yyMN5, mn 6{±i; ttoNts. iit 

H 7 y *JX 9 M N 7 , M N 8 tffflfcth lt?iJt#gE#;N 4 
"CIA. ;o7?Sl, S2^*CLow^^;h7y 
y'X^MN5, MN6^tONf|>„ lot, EMS 
M*N 3 , N4#MW8»3*ifc«tt£flcfc LtONL 
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[0029] ?n-y?si, s 2tm^i>mmm^nt 
%&iz&w.nmmikN 3 , n a x\mt^t>^^<n h?> 

i/X^ftO FFL, U¥\WfiiikN 3, N4 ^'M^Jfg 

Nl, N26DWfti;fr>— ^ONtli. 
[00 30] JiLhT) X 0 t:. fflMSSt*N 1 , N 2 cr>$L 
¥mWi\± ?Uy?Sl, S 2 OSffffiWffefflfn^' "H" cr> 

m^z^mm. l . tMiiftN 3 , n 4 com^mwut 

[ 0 0 3 1 ] m2\$7u>y? S 1 , S 2 fulfil £ 

m^m^9 0 ° effl^tHinsg 1 0 1 ^^ffiius^^^ 
y~ht±. mm "h- tf^^frc^s -it m 

TOMCBUt t|s]«) „ b^yyX^MPl, MP 

MP1, MP2iOV^-rilC>^L<m^IoSr^. 
[00 32] F^yyX^MNlO, MNll[«l/y 

N 2^MM®^$tl3tS(i^#^ LTO F F LTU&7) 

-c\ h 7>"yx?MP 1 mni-mn istmh^mfctf 

N7yyX^MN10, MN 1 1 ItZtfnjtlh* 
yy"X^MN9il *A TXtfiV, „ tcS^'V ^tlS I 

;tX:fr>£>, UP/DOWNfl-SyS 3 i: LtlSl,^*! 

[ o o 3 3 ] i3ii^o7 ? s i , S2 fim%:&mmM 
§rs^>«^9 o ° fiffl^ttitiiffii o i commmzz^ 

~t®$&mX-fo h» h^S/X^MNlOCOFW VWsfr 
^h7>'JX?MN9 J \filfro^Xfi if £.tXti l 0 s 
yiTX^MP 1^'mttUo^U F7yy*X^MN9 

10, MN 1 1 (C(±«Stt ( I o - I i ) i fc fc* 

h^y^X^MP2(i«^I 0 Sr*I-f"^"C\ UP/ 

d owNfi-f- s 3 1 tr«i 1 1 &9ftmmm 

[0 0 34] £Ltco£olzl,X£MZti$>UP 

/DOWNffi-fS3^?n7^Sl, S 2 fcMJtOlt, 

mwmmt^ s 4 * ^itiE t £ * >r 5 y ?^*r- v x-h 

h. fit. «^$lJ«gR14^a^hLT#^TUP/D 
0WNft-tS3t LT«SW*n— ^;^2^tSK 
ffi-f-S^fa^iEi: U D-;U7^^2frfcSAtl» 



hi 0 us, ii8t*^9o° mm&\B\$&\ 0 

0 tcBKt Ltfflv^^t^TIS oyx „ ETmiH 1 8 
[0035] s?§® 5 esm&m& 9 0 0 *Sf -C* 5*0B 

J&tfJUJS&l 0 lKOTP/DOWNjff S3l^y 
7 -f 2Cfcl^U P/DOWNff-^-S 3 £Wt>LT 

a?lo«ffi^fiitT#4>^ss®ii«5fi#s4{i, r 
■y TJtUISIfcfc v ^T^^JWi* & t> W), WWCii 

/4t3Sl,fci:Sfc:9 0* teffl^miUSM 0 1«UP/ 
DOWN fi-f - S3«77 7°HUIB1 fc ^ t (i^ L < 
£r£, OSD, ^n-yy J S2cr ) fiffl7i^n'yy J S 
tl X 9 t 9 0 0 SftTWtS . 
[0036] 3££gt5D3ISEfhP9 0° i "9^**ft6* 

t>imcDmm$:m%rt&*%^zi±^ up/DowNtf 
s 3 «ir «y -nmmr&rv >mmx o &s , «e 

tjSfwy? S ltO^ixj; H90° S^XTTif-tS, 
[ 0 0 3 7 ] 0 5 (iSSS 5 <9»j££0firr 6 
» h . g®© 5 l£S@mif DIIS 5 0 fc W7r»5 
lfcSfflliTV^. jBSSBSEIIlSOJiNchh^y^ 

7^MN12, MN13L Pchh^yyXj'MP 
7, MP8t. ffiffiR3k*flii"CV^4. h7>-i7X^ 
MN 1 2 0V-X(iffiftR3£;frLTf#ffi£flTfc9. 

y(iF7Vy7^MP7WKH VTktfY—Yte 
^MzW-m^tlX^h <, b^y ; JX^MP7 , M P 8(7) 

Nl 3C0V— X<if#*i$tLTV^o 
[0038] 3S£A>y 7 rg|55 1 iiftV^GflKfc P c 

^Nc h h7>-yx^t; £ J;-5'rmSL^I&ft^tLS-f >- 

(*^BJT{± rjSS>f yy^-^j fctW) coffin 

^yy'Xi'lt h5yy'Xj'MP8|)| 1 Vi|±MN13t 
^C77^^h5 7-[l]fi&^«Jj£LT^-i.7)-r-7 b7 7y 

x^mn i 2t,zmi&9fiii l z£-oX&mmA y;*-?t,z 

iH-t&]SmMi/ i mg.Ztl&<, b7yy'7^MN 1 2COY 
- h S 4 ^tLS 5 

^f* t LT iiS^tfflfSfl-^ S 4 1/Zjz-oX MM®. 5 coMM 

2 izmi&mmz. sisr 3 «ojsffM£3Eflss-frTPw 
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[ 0 0 3 9 ] H6J4. U~^X7 J )V9 2><m$&m^ 

-th mmxh s . est r i on i ss < h*£W£>» ) 
rao. nyfytcpo, cp i«fMB{4ft»L-a# 

ifiSixTV^, UP/DOWNfl-^-S 3IJfiKR 1 
1 SSJc^*. 6*U. . rjy-fV^CPOcO^iffl^rjyx 

[0040] flPiO&lcri yfVtC P 0 SrMlL*C# 
iSi:. up/DOWNff-5§-S3t;4£n— 
*2^<?D*a[li*«A/SKlHi, 3i£LTffifitRl& 
^yf>fCP ixm^ix, «BnKStt<0«EEfc3Q» 

[004 1] a yfyfC P 0 ottggtt , «ft 1 1 ifiHt 
iz xj-^X 7 < )V 9 2 '\SLA/'8ttfJ tX V >4 £ £ 1 4 h 
jBffiW«Hi-*S4^aifl*/hS<^4t>^"Cft«. 

wtcmi.tr. «a 1 1 wwaaas* ( s-^ * ) i^yf 

5£pS&HIE& 50tob^y> ; '-X^MNi2 coy— t- t^-i. 

mi±. ayfytc p o^iii^yfyf c p ito 
WtJtlLt^»$OOT, nyf>tc p l 

mizay^yyc P O^^SMX^x^bim&X 

$>■§> „ 

[0 04 2] ffifSR10>S&2iilfc:*tU U-fe-y h 
fi^- s 8 tcs^i i-c ayfytcpi cofl;&£Sl^fi 

y+)-C P 1 4TO«ffiV D l2U:te^3*iTV 

ff XT WfiSfcj'W t-KDlk, U -fe -y Mt-^S 8 \zm 

fcJJtBttlTC U -fe -y h«# s 8 £ A* LT , a y^y^fc 
h^yy'xj'MN i 2 t*8KSfb*;re, 

[0043] tUiO 4 3 fc, *Hff O^HKfc 4 oTlSE 
^1.9 0" {fcffla'^'Ctt, PL LESS 1 2 0Ti4& 
<DLLHI82 0 USfflLfcWT. VCOHHS122 
«05MSJf «3Rfc 9 o >y ? S 1 fc«fiHaRtlfei&**4«^ 

K20 1tl^n7^SU, £jT.£S8El/Cf*6*L* 
^n>y^S2h^*ti:bKLTU-g>»T\ ±ie«04 ^ 

[0 044] Jgfc9 0* {HMi/7?t LTSffl-fS 9 0 
° fiffl^tUIUffSl 0 lOEXORgPl 3lif*(?)EXO 
R EF» 1 0 a * ffl V t T V ^ J: 3 A* ftff 



E X O R0g& 1 0 b i: VM LX b 9 V : Jx?m.X 

mm-&z\k&x'%. ®$&mm±M±L^\ tfz. 9 
0 0 fiffi^aiiiiK 1 0 1 cows&Mvm 1 4 ii 9 0 • ffiffl 

^ftHTSgl 0 OaWefiSlfc^f-v-^jKynilBl 1 fc 
Jt*SE t T 0if£«4/b$ V v&\ h S ^{4A# < X fc 
H(4^l.^ DLL|HKtl)|,9 0° {mi/7? 

£mf&i-& 9 0 0 fiffl#>m0S£ 10 0*90° ffiffil&tfj 
0S&1 0 1 ■nSfftLT^fi.Sffiffctei 0 . 0ff§ffl«* 

[0045] mili.P'Oy? S 1 O "H" (7)$}^ 

t^^Sy^-htJ)^ H8{4^n-y^S 1<50 
"H" emWfi "L" coJWiaiOtMvvta^-co^n-y^ 
S2 05S^*^^-f S^m-hT»4. 0*, 
Ha>~©i4. fiiWnv^S 1 , S2* I ( "H" , 
"L" ) , ( "H" , "H" ) , ( "L" , "H" ) , 

( "l" , "l" ) ^mmtMVsii^Lx^t. 

[0046]^n-y^si, S2 c^Mm^MMzm^ 

\^xmwmwm^sAmmztih<vx\ mm® tmm 
® co-sat , mssn» t mr$® cosmtrfm L<%&t% 

\,z?U'y? S2f4?t?>y?S 1 fcWUn^^ti. L 
H^07?S2li^07^S l«i^tcMtT9 0* 

fiJP^W^ix. JIBPsI® tJi^® OilrttJ4fifflleLT 1 8 
0' oWP H 1*Wcix^„ 

[0047] ^n^Sl« "H" coMPal^ "L" com 
Pal J: "9 i>*v ^^rt(4 , 9 n -y ^ s 2 Ojt*>±^' 0 x ••/ 
£y'«4^n>/^ S 1 O "H" C0tgp B 1O^Da =t 0 t> <3" 1st* 
(t^V^-f Sy^'C, ±t>WDXyyfj: " L" tfOWISI 
£0^11^/3 J: 0 fc 3- 2*£W®f>:M 5 y/t, Wiffiffi 
m„ i/t. ;o7?si» "H" coIBPhI^' "L" co 
MPbI i 0 1 <m\ ^m-SlzlZ , ;o 7 ?S2 <n±*>±ifi 0 x 
•y i^'i4^n 7^S1« "H" coiaPajco^^a i0i>53 
^'ftil^^-f Sy/t, iifeT^Ox-y^ "l" co^ 
PhIcjd^C^ i 0 1, 5- 4 ^ftt-^-v^ -i S y^'C . ^tJ-^'ti 

5:<tt, ^n-y^S 2i4^n-y^S 1 t^tf*-f 

^ T-a#u . 9 o ° cr>mmtfft£>tih . 

[0048] mmcowm2 . m9 iz*m&mM<?mm 

2tm9 0° iiMy7?cr>dib^ mis^z^fitz 
9 0' fiffi^aiHS^l 0 0tSJftL-rfflV^^5 9 0' 

[0049] 90° fuffi^ttilUff^l 02(4, EXORgP 
13 a, 1 3 b fc . VSmffiR 1 4 a , 1 4 b fc §rfix. 
TV^S. EXORSI51 3 a{4. 9U y?51, S2»i 
flftWWlffll* 1 " H " <7)tg,-£tZ<7)frWm Ls E X O Rg|5 1 
3b(i?D-^Sl, S2 ^fBKlitfSRl^ 1 " L " £D*^ 



[00 50] mmiMt, E X O Rgp 1 3 a (i|I|*H£<0 
Pc h t-^y^'X^MP 3~ MP 6£ffi£XtiK> . hy 
^yX^MP3, MP5«y-W, h^yyX^MP 

MP5i?)FWyi^WilN7yyX^MP4, MP 
6<DV—XI,zmMZtlX^&, £f£. hyy*JX?MP 

4, MP Vn±ffifflSfe1XX\^h . o4 0 h 
7yy'X^MP3, MP4**ltffi^-*ll^!ffleK*P 1 

h7yy'X^MP5, MP6^«fiSc-f-SK^JfiM* 
P2ti\ 5V%(cM50fc:SaUS*l"CEXORail 3a£ 

«j^tTv^. 4*:, exorspi 3bH. mmmm 

[00 5 1 ] f7>y'X^MP6, MNS^-btti 
MU?D7?S1*!, N5yy'X^MP4, MN7 
^y-htii-eo^MI-f-S lBi\ h7>y'X^MP 
3, MNbCOy— Md±?n-y?S2;^\ b7>y^^ 
MP 5, MN8coy— ht;(i^-OR4Kft^-S 2 -f- 

[00 52] HsiEMflflgff 1 4 aiiP c h hyy'JX^M 
P0Tlfj££;h.T£9. h^^'^MPOW-^t 

**/Nv§-;l6*i, KW ytlih7yyX^MP3, m 

p 5 o y -x m t x mm £ ti h . 4 ftvananHi; 1 

4b(iNchb7>-yX^MN9T«§ixtB^ h 
5yyX^MN9W- X{±®tfi§^ Mdi^-f 

rx«fiv B N x. £>tu h u -f y\,z\$ h?>i?x?M 

N6, MN80y-X^ftat-CSM$n.S 0 
[00 53] -tLT h7/y^^MP4 , MP 6 , MN 

5, MN7cOKW:x#ft»LTSNi£:ft.&y'— HWA» 
tUP/DOWNjf^S 3 **f# 

[0 0 54] ii-r*, f^yy^^MPO, MN9A 5 ft 
fcUSE 1 1 «fc 3 t^J-f 7xffiv EP , v BH ^^-i. 

iifctio. nmmzmi tmmt,zLxv-;^y <t 

>V? 2 'V«S&0JIMR£$R& U P/D OWNff^-S 3 ££fj 

[00 5 5] ^-Oift^^iS^S t. ?ny?Sl, S 
2*^LV*i&Ji«*S4*£fc:tt, EXORgfll3a, 
1 3b(±^fL-eixOEF, ON-f££ ioT 
fl^g I i lin-A'X7 4 /l^ 2 U P/D O WNff-t 

S 3 fc LTitttiitr . — *\ ?D7?si, S2#M& 

4WH«[*iR**&t(±, EXORgP13a, 13b(i 
iio— A-X7 ■i , ;W^2^-i;UP/DOWN|I^-S 3 t L 

•catfiaj-t. 

[0056] mmcomm2 tea**** 9 0 0 s^mmi® 
1 0 2 sfflv^ 9 0 • fiffljy^-cii. mmmm 1 1 

9 0 0 {4ffl^ftHI£# 1 0 1 Ltzm&coM 
l,ZM£X. UP/DOWNff-^SSSrKOm-f-^^a 
v ^fifM &£X P c h h ^ y l Jx 9 X-ffitfiL L , ffiV 
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flSr^T N c h h 5 V i^'X 9 X-mm, L. U»SCMO 

& . lj&»«> .90° ffiffitftffiniK 1 0 1 -ctifftB^ «aa 

& 0 . iff*** * £ t v ^ %K fcfHwS . 

[0057] . 1a 1 wttwmmmm 

m 3 5 9 0 0 flag y y 9 co^mffl s bkht 
hh. ^mmmm^mmt. mmmmix^tifz 

[0058] j-y-t -/ h^^y^>vm^3\iu—^xy 

* }v? 2 ipbii h fttz mmmm^ s 4 izm^\ *x^y 
y^Mm S5{t a©a 5 cosrassif msi 5 0 *«rr 

[0 0 5 9] 9 0° ffiffltfcifJHftl 0 lCfct^T, 
^S2#?n^Sl L-Cffiffls^n -y ^ Ltz^iz 
(fflib^lzMLfzbti ) , h7yy'x^MPl, MN 

1, M N 3 , MN 1 O&Fl/J ytf&MlzmffiZtLtzS 
— HKfc, h7>y"X^MP2, MN 5 , M N 7 , MN 

[0060] l^l. ias^ffci ^oh-fMzmfih&M 

-^r, h7yyX^MN10, MN 1 1<7)FW yO)W$L 

10, MN 1 1 T"ffifi!t$tl.^)^ VIS 7 — IUS&c 7 ) 5 7 
-^^ffiT t , MM® 5 cry W&m* 9 0 ° * 6 s 

tmttf, fuffl^^-fevb^lt^snfciigo' 
effltfcifJBK 1 0 1 sWBf^ vmifz> Ztlz%&„ 
[006 1 ] yfy-^-y h^r-f y-te;KnlB&3{±. — JHE5I 

^-7-fe-y h^y^/HI|£&3fc;fel.vt\ fifiR2(ifco 
-«fc3fflSill!ffi#s 4 fl&SHiiy- K c ttjv^ 

T^>'7 ; '>"^CP2c7)-ffii;Mt!)r>'7°3 0c7)iEA±lffi 
t s&qSKS iiT ^ & . nyfytcP2 ^fteStiSfiaS 
ixTV^-g>. ^t&ry7°3 0<7)ftA*Siiy— KDtijV* 
Th7yyX^MP2 1, MN2 OcOKl^-f y^'ftat 

ai7j-r^o h^yy'x^MP2 i»y— ^ti±w«ffl 

V D ^#i <3tU l7yy'X?MN 2 0 wy-x(if#ffi 
StlSo h7yy'Xj'MN20<7)f-li;H'y'f 
yfi^ilfc^fg^ix. h7/yX^MP2 lco^-*— He 

<>f rxiavj P #13- £ ?>tix . 
x?mp2i, m n 2 o ^iffltiif n 1 7 y y X ? 
mpi, mn l o k.Wl^i/Zfmz_t>tixt5 *) s h^yy'x 
^MP 2 1, MN2 0(1 9 0° {4ffl>f^t±J[lIS# 1 0 1 co 
h^^yX^MP 1 , MN 1 OCOV^SfrS— i; LTfft 
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[00 62] mt>T>y° 3 0 iiy- KLtf»«2£ISISSW 

fc y - f c tcfe u x set , y - h d com& h itmt & . 

CDX\ *y-kv F^y-tr/Mi^S 5«y-FK, LO 

mtm*^ * y^-ri> «t 3 webcr 3 »rs 

[0 0 6 3] /-FLOftii, n-Ay7-i;^2 

ffitJlR2, CP2ttHi§fLl>DWU7^^ 
2 bto2oon-A'X7^;^JgSLt/-h*CA. 
i:fra*£tU>. o-y«7 -f 2 iia yfy-f c P l 
izX 9y-KL£^|,«#«*£T%-ftU «i(c«fc 

1 -? T y- F L <7)«e 1 4 fcSE 

ayf>tCP2»Iiayf>tC 
P lcofBi 0 i>±%<mfet &%b'LX, o-y«7^ 
/F-y 2 bOBtJEife^n— y«7 -r/k? 2 cosmic i 
jz$<-t&Zb"C* 1)V92 bcr>ftjlX'fo& 

y — F c omfio^-fbSr , nwU7^;^2 CDATlT 
&Sy-FLO«£<7)^ft;J; "9i»9>-3< OfcUifc^fc 
-fl.ii:3& s T&l»o i«)J:5!Sr«jR*tR&if:tJ:0, 
— B3B£WW»S*ufe«"C, I17VT3 0(±<9>-5< 0 
ilKR 3«ffiljiffl^M0^fi^V^ WKH&fclJHttt 
iLoo. b7yyX^MN12W-Mfi(oiD 

t^L<5:SJ:3 fcrtS £ t **T# S . 
[0 0 64] ^^^tC, f7yy*X^MP2 1 , MN2 
Olif^yy^^MP 1 , MN 1 OCOfS — t LTfK 
COT, y— FL^^coft-^-^'— OCOO— A'X7 <in/9% 

mj&Lxs-vcizmix^&zbkmmiz, y— fd 
2co«t^cj;-5T b^y^'yyMN 1 205$*— htettT 

o4 Oy— T s CfcSgttSfLTV^4^tR2fcfc, «fc6* 
86ft4£fcfc«fc4*EI*TW:£t : 5r^. — Sr, y-FD 
tii/yy 3 0 fc^a , ATj-f y t-y>xc7)ft^ft 

y— FD^LT3H0>n— vix:7 4/i^*R(t4iBB 

[ 0 0 6 5 ] m 1 1 lilfiR 3 ««j££MSrf 3 
T35-S.O HSffiln;R4 bN c h F^VyX^MN 1 6£0 
WM&mz i o T jfflffi R 3 5&*«j£ § tlX V * S . F 7 > V 
xyMN 1 6cr>y-hnmz*7-t>y FMjEfl^S 5* 

x.t h^y^'yyiviN 1 6ooNffiKSr^-fb§-^-s.« 

[00 66] JiltOj: 3 *HSt^ffiT«y- F 



fp-rsy ^-FA-yy jfi=a«t. n«yyB#t;i5v>Ty 
- f Ltome* y- f k commzim— * s ; t a* 

T§ . fiffl^-y -fe -v F cOPflS&IS^-rS i b j&*TS S . 

[0067] mmcmm4 . w 1 2te*mmmMcom 

^9 0° effl^ajHHH 0 0fcW*LTfflV*4>*l4 9 0 

• iiffl^mnisg i o 3 <7>fliia&^-iii»H , c*-6. 9 0 

0 fiffl^mm^ 1 0 3 immmm 1 fcBivt^ti^ 

9 0 0 ffiffittffiHIK 1 0 1 (=ts(t£«8S0t>imiS 1 4 £« 

[0068] S?l$iJfflIgP 1 5 li«SEiH«iait 1 41/ZML. 

h F^y^'yyMN 1 4, 1 5Sr3iamLfcfl? 

yX^MN 1 O^OFI^y F^^yX^MN 14«V 
-XSVA^y^y-F^', /-FAtrfeUTF^yyX 
yMP \ <T>YVA >t F7/yX^MN 14«FWV 
«i-Wi**3*iTV>6. 4^y-FFi;*JV^T 
F 5 VyX^MN 1 \<7>YVA Vh. F7VyX?MN 1 

5 co v - y &tp s" - y y y— h y-FBtfcutMP 
2<t>yva yt F^yyx^MN 1 5covu4 yttf, 

Ztl^timM$HX\ l i&» y-F'E, Ft(±EXORgp 

1 3j6^RRS*1&. F5/y'X^MPl, MN 
14* — ?Ofl:^iii:LT, i/iF7yyX^MP2, 
mn l 5 &1&)-~w9SiMb LT, ^n^fEffl-t-S 

[0069] i^id^SiKfcrtJV^T, F7/yx?M 
N14, MN 1 5coy—hlz£:MlZ'U 7XtfiV B[)2 
^l-Itti 0, tlT^OJ; 3 CLty-FE y— 

f f <^mcomiiL^mt hz\b ifix% h . 

[0070] y— fa. y-FB. y— fe, y-FF 

C0#*fiSr^-tl^ixVa s Vb, Ve, Vf tf|, t 0 
1 2cr>mn-hmWLX^&b &J4 S EXORg|513*« 

wiswtii y-FE^y — ff x<7)W8icomt±m% ^ x 

FEA»6i> y— FF^feijEXORgPl 3 -^.|*J(tT»giX 

;l-y 2 ^±«8KI4SWi.3Srv ^; fc fcSr* . 
[007 1 ] tStF7yy'X^MN14, MN15tC 

o' b-th, i-)t, »i, m2/& i 'jS; l 9i:o («itr^ 

±" tSMfl. P. 6 2#S1) . 
[0072] 

mi ] 
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10 - , JL W_ (VBN2-Ve-VTH) 2 ( l+i(Va-Ve)) 
2 L 

[00 73] [»2] 

l0 - ^ iL_W (v B N2-Vf-VTH) 2 ( l+A<Vb-Vl)) 
2 L 

[0074] fit. kliy-bS«fcW<?3BW«<z> L#v^ffioH(i*E?ILTV^ 0 
fll, Wfc Ui#* b5^^-Mty-^ [007 5] V f = V e + S V ef , V b = V a + 5 V ab k L 

Mi^tl^tiMLX^h. h^y'J^^MNl [0076] 

4, MN 1 5CDV— XkA-y bWik^LVVT) [ft3] 

t\ h7yy'X^MN14i:MNl 5 cofflK^Ht J; S 

, 0 - = ^ (VBN2-Ve-VTH) 2 ( l+^(Va-Ve)) 
2 T_j 

[0 0 7 7] [»4] 

l 0 ' = JLl (VMB-Ve-VTH- 5Vef) 2 ( H->!(Va-Ve - <5 Vef + 5 Vab) ) 
2 L 

[0 0 78] 5gfc!fc3klsSc4<0lt£k 9. <^V [0 07 9] 

a5 k * V ef COW* fctt#*<Z>r3HOJS£if»*-.6 i k tC [ft 5 ] 

dVei /i (VBN^-Ve -VTH) 

(5 Vab - 2(l + >l{Va-Ve)) + >! (VBN2-Ve-VTH) 



[ o o 8 o ] IMiJMteZtiii, ximmo. 03- 
0. 0 0 SV-iOffi^KfOii;*^. ft5(50fi(il/l 

0 0kTFOffik%-4. 

[008 1] J2U:0>£ i^9 0° fiffl^ailllK 

1 0 3tFm#3Bk£ML* UP/DOWNfl-^-S 3§rffi 

MN 1 0 „ MN 1 \<r>YV-l VUXfoh J—Y^b J— 
H F c7)^(imffiH(ii5 k X^if=SfV^J: -5 fcrcfc 4 £ k ** 

iC§^4ik^"C#, 9 0' fiffl^tHlMli^l 0 3«t7 

[0082] mmmm 5.013 it^mm^mmcom 

/;9 0 s fiffi^mniS^i 0 otMffikTfflv^ti^ 9 0 

• fiffl^mHss 1 0 4 cow®.*^®mmx'fo& . 9 0 
0 immmms^i 0 3i±mm<7>BM4iz$5\^xw;Ztiti 
9 0 0 imm&m% 1 0 3 t=iKt£«8KfH«iai 1 5 
jtMffligp 1 6 tzmsi utans t% I/O > 4 . 

[0083] *fflMV» 1 6 ttttSBMfftf 1 5 fc*f L , 
2-3<0Pchh7y^MP9, MPlO^ilJaLfc 

yy'X^MP 1<7)KW >b h^y'JX^MP 9C0V — 

xs^^^^-h^ y— HAtis^t b7yy^^ 

MP9(7)FWyt l7yyX?MNl 4«FW/i; 

7Vy'X^MP 2«Hl/>fyt h^yy'X^MP 10O 
V— XS.t>VS'- y ^y— /— KBtCjoV^TMP 1 0 



M P 9 , MN14§r — P^tiSiU, iJtb^yj/ 
y^MP2, MP 10, MN15SrfffiO — 3fO«gSg!gk 
L T . ^ft mffiS-t Sit s&*"C & 4 . 
[0084] ,I<7) h7yy'x^M 
P9, MP 1 0<7)y— btftjl^NMT-XmfuV BP2 Sr 

4 . tz&ztuzzmiiim 1 5 t*sn 

T « . y-FAky-h'B tf>IHfc:«iHfe&*& 4 k * (C h 
7>y'X^MPl, MP2*aeh.4«SKt>HW>^EE 

*WJBB"CJ4Sltfc<0JWB4 k ISI tBOSte i 0 , h7/y 
X^MP9, MP 1 OZ&A't&ZbX'WfrMMffil 6 
coy— HGky — HH coPtgc9®4ig£ JWJ-T4 £ k #T 

KSHTS 4 . 
[0085] 

[SKB^aft*] io^HHod fef**3B 1 9 0 • 

ffiffl^^tciiur. m i at/m 2ft#3& t s=3r4ifta* 

K4 BfrftTli* 1 »iH= J: o TflS 1 y - 2«Stt 

*«5r*fib&»n*<^*c, *uyis 5-HB«SE2«»fc 
4 . — ;s\ $ 2 m^Mam 2 y- k tzm i *ateffi*frr 
^^kitai-r4 . a*fcm i ai^n 2 i*wu«is 

S4 ^T14» 2 SUii-fc J: o T» 2 y - Hs&><i>flS 2«SJ 
*^I#S»6^4. L^k. ^1 y-H*^{±«t^l# 
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mHt*vmT& . jrou-ciam i fi-f-^ass^ -cm 

2 fl#££)j!cirft <7>T\ SI 1 fi^k IS 2 ft^k (4 9 0 * 
^'ffibfift . 

[0086] £ cDl&BHO d -hmim 2 9 0 ' fir 

ffiy7^(;iWf- SS2y-F*^SSl n-^U7^1/ 

[0087] z co^mco a *>» 3 t^^ft 90°© 

SBWKJBt^ti^T^S^fc-r^ifcfciiO, SS2 
fI^£f#ft^#>Ojg^i£/h$ < Ltnv^^ffl 

[0088] d C0WMC0 o -PM fc*»*»4 90° ft 
fflv-^tifUf . rs-gP&t/SSl n-A-X7 ^y 

4 £ k ft . ftoT, is 1 atfn 2 y - H tmfi^ 
^tTWRBfciltyti, ^nsrira-tftJ: at: 
iWfHS-^3WISE»tlWflW4 i k A^S ft o 
[0089] z.<r>w&<r>o%W^^fois*frh 9 0 ° fir 

[00 90] £ coS&HJJO a *>ff *IB 6 t^j^ft 90Mi 

#&2*SI»753&1 h7yyX^^, H51 y-]*Stflf&2 
y- H £DmteH£'h£ < <7>T\ ^l/^bS 7-®S£ 
SflSlfc L , fiffl* 7 -te -y h a- jflWJir ft Z k 

g=ft. 

[00 9 1 ] ZcomM&o ibn^MUzt^h 9 0 Mi 
ffl^yytiixtf. fl$l«SE9B<^3 hyyiSxtmS 

EIB&tf>SM££iiggfc:U fiiffl^y-fe-y ht— 

[0092] £«f&0J!oa*>if:&if stc^ft toti 

*Ltr, k tis 1 «aaB*«aw-&3W5*»ta5 1 
m/m2mmzm^^xmi ^.4 m 
1 x >f v iH:*t l t m 1 &r/is 2 m^ft fir (±^f l v \ 
4 Jt , Efj* y - h tss 2 «a«& saw- * tp&fr&n 1 
atxn 2 fi-^a-^a ^2x^7 f^ite&t * a* . m 
2x4 -vi-iznLTi>mi&ifWi2m j 5cDfimmL 



[HH^ffi#^fliBJ] 

[01] *aWH«H*<o?KB 1 offi fi££ ^i-HKET 

[02] i coiftff&^-riMii&ET 

£>ft. 

[03] ^BHonsso^ffi i wmftiT&tmm&e 

[ 04 ] *^BHOHMO^ffi 1 CDMftZ^tfA 5 V 

[05] *f^amefflflB l cofi§j&£^@S&0T" 
[06] 4M<Z>Ht&>7gflR 1 ^^@S&0T" 

i£>ft o 

[07] ^HjoHSfioffM l comm^i-^4 5 y 

[ 08 ] *^Bjosufio?fM i c?mm^?4 s >- 

[09] 4M<Z>£tfc>jl$B 2 OS fig^^^0fi&0T" 

SI), 

[010] *»^iatWJKB3tfD«jRt^-|lI»H 

[0ii] xmicommmm 3 <jd« m^^-riiiiS0 
[012] 4&momk<mm4:<m&*ifrt®ffla 
[013] xmicommmm 5 <jd»j«*^-iii»h 

[014] ^5f£OKffi Sr^-T^ A S y/f-v- h T*> 

[015] Sr^^ >f 5 y - V X'fo 

ft. 

[016] f£3ft<0ttfS*jjr^-|g»Htr* £ . 

[017] £ @i&0-e& & . 

[018] ^5fEOKffi Sr^HII?&0-C^ ft . 
[019] flywofeWfcii^BBHt** ft . 

[020] f£3f6«ottfs*jjrf-ig»Ertr* ft . 

A, B, E, F, G, H, K, L, W y— b\ Ij, 

i 0 . io' 2, 2 b o— vN°xy ^;ky, 1 

3, 13a, 13b EXORg|5, 14—16, 14 

a, i4b msLMffljgp. 5 msm. 30 mjiita 

^ 50 jI^PSff[ElS&. 5 1 mtrtV7T». S 
1, S2 ^n.y?, S3 UP/DOWNft-^-, S4 

mmmmm. ri-r3 mm. cpo~cp2 

ayf>t, SW XA-y^, Dl 

v BH , v BN2 , v BP , v BP2 A'^rxtfi. 
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